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ABSTRACT
The spectral properties of more than 400 CFRS galaxies and their changes over the
redshift interval 0 ≤ z ≤ 1.3 are investigated. Emission line intensities and equivalent
widths for accessible lines have been measured, as well as continuum color indices
based on 200A˚ wide spectral regions. Within the CFRS sample, the comoving fraction
of galaxies with significant emission lines (W0(OII) > 15A˚) increases from ∼ 13%
locally to over 50% at z > 0.5. The fraction of luminous ( MB < -20) quiescent
galaxies (those without [OII] 3727 emission) decreases with redshift from 53% at z =
0.3 to 23% at z>0.5, the latter fraction being similar to that of early type galaxies
at that redshift. There is considerable evidence in the data presented here that star
formation increases from z = 0 to z > 0.5 in disk galaxies. However, the absence of
extremely blue colors and the presence of significant Balmer absorption suggests that
the star formation is primarily taking place over long periods of time, rather than in
short-duration, high-amplitude “bursts”.
There are several indications that the average metallicity and dust opacity were
lower in emission-line galaxies at high redshift than those typically seen in luminous
galaxies locally. Beyond z = 0.7, almost all the emission-line galaxies, including the
most luminous (at 1µ at rest) ones, have colors approaching those of present-day
irregular galaxies, and a third of them have indications (primarily from the strength of
the 4000A˚ break) of metallicities significantly less than solar (Z < 0.2Z⊙). It is argued
that changes in metallicity and dust extinction could be contributing to the observed
evolution of the line and continuum luminosity densities, the luminosity function
and/or the surface brightnesses and morphologies of galaxies in the CFRS.
If the Kennicutt (1992) relation is used to convert the large increase in the comoving
luminosity density of [OII] 3727 back to z ∼ 1 into a star formation rate, it implies
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a present stellar mass density in excess of that observed locally. This result suggests
that the Kennicutt relation is inappropriate for the CFRS objects, perhaps due to
the changes in their metallicities and dust opacities, and/or in their IMFs. Using
the Gallagher et al. (1989) relation for objects having colors of irregulars reduces
the production of long-lived stars since z = 1 to 75% of the present-day value. More
complex mechanisms are probably responsible for changes seen in the emission line
ratios of HII regions in CFRS galaxies, which show higher ionization parameters than
local HII galaxy ones. This change could be due to a higher ionizing efficiency of the
photons from hot stars in galaxies at high redshift.
Subject headings: Galaxies: abundances, evolution, stellar content; Cosmology:
observations
1. INTRODUCTION
The Canada-France Redshift Survey (CFRS) has produced a unique sample of 730 field
galaxies with IAB < 22.5, 591 of which have measured redshifts in the range 0 < z < 1.4 (Lilly et
al. 1995a, hereafter CFRS I; Le Fe`vre et al. 1995, hereafter CFRS II; Lilly et al. 1995b, hereafter
CFRS III; Hammer et al. 1995a, hereafter CFRS IV). The spectroscopic incompleteness is low
(15% of success rate in identifying galaxy and star spectra , Crampton et al. 1995, hereafter
CFRS V), and deep imaging in I was carried out for all the sample in order to avoid selection
biases against low surface brightness galaxies (see Figure 7 in CFRS I). Selecting objects in the
I band substantially reduces the problems of working at high redshift, including minimizing k
corrections up to z = 0.9, where the I light corresponds to the B band at rest. Deep B,V , I
and K photometry is also available for most of the galaxies (V and IAB in CFRSII,III and IV;
KAB in Table 1 of this paper). This sample was primarily aimed at a determination of the galaxy
luminosity function up to z ∼ 1 (see Lilly et al. 1995c; hereafter CFRS VI). The main result is
that there is a change in the luminosity function of blue galaxies, by one magnitude at z = 0.62
relative to z = 0.375 assuming pure luminosity evolution, while the luminosity function of red
field galaxies shows no evidence for change back to z ∼ 1 (see CFRS VI). A further brightening
of the luminosity function of blue galaxies by about 1 mag is found between 0.62 < z < 0.85.
Several CFRS galaxies have now been observed with HST allowing deconvolution of the bulge
and disk components. Compared to z = 0.3, disks appear to be brighter in surface brightness
by ∼ 1 magnitude at z = 0.8 (Schade et al. 1995, hereafter CFRS IX, see also Schade et al.
1996b, hereafter CFRS XI), an effect which likely makes a substantial contribution to the changes
observed in the luminosity function. The comoving luminosity densities from z = 0.2 to z =
1 in three wave bands (2800A˚, 4400A˚ and 10000A˚ at rest) have been computed from BV IK
photometry (Lilly et al. 1996, hereafter CFRS XIII). They increase strongly with redshift at all
wavelengths, especially at 2800A˚. Evolution of the spatial correlation function is also observed (Le
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Fe`vre et al. 1996, hereafter CFRS VIII).
Given this evidence for evolution of the galaxy population, analysis of the spectral properties
of the CFRS galaxies may produce insights into the physical processes responsible. It is likely
that galaxy evolution is a complex process involving the evolution of individual stars, evolution
of physical properties such as dust extinction and metallicity, and other mechanisms operating
within the galaxies and between galaxies and their environments. A spectrophotometric study of
a sample like the CFRS aims to improve the understanding of the physical processes involved in
the observed evolution, partially through a systematic comparison with well-known local objects.
Extensive studies of local galaxies have been carried out by Kennicutt (1992, hereafter K92) and
Kennicutt et al. (1994), although they were not based on complete samples with simple selection
criteria. These studies have provided consistent information about the present and past rates of
star formation, as well as several relationships between emission lines, continuum and extinction
effects. There are magnitude-selected samples of local galaxies which can be compared to the
CFRS, including the Las Campanas survey (Schectman et al. 1992), the DARS sample (Peterson
et al. 1986) and the ESP sample (Vettolani et al. 1996), although some of these have significant
surface-brightness selection effects. Moreover, to our knowledge, no systematic studies of the
spectrophotometric properties of galaxies have been carried out for these samples.
Age and metallicity effects can be investigated through comparison with young, intermediate
and old stellar cluster populations. In their pioneering work, Bica and Alloin (1986) have
studied such effects using star clusters of various ages and metallicities. The comparison of
spectrophotometric data with predictions from population synthesis models (Bruzual & Charlot
1993, 1995, hereafter BC93 and BC95; Guiderdoni & Rocca 1987) are also valuable. These provide
evolution of the stellar tracks for various scenarios, while also helping to investigate possible effects
related to extinction or to abundances (Worthey 1994; Leitherer and Heckman 1995; Charlot
1996a; Charlot et al, 1996). Photoionization codes (McCall et al. 1986; Stasinska 1980; Rola 1995)
are useful in investigating the underlying physics of the HII regions.
We present here an analysis of the spectral properties of the CFRS galaxies. As noted
above, useful reference papers are CFRS VI (luminosity function), CFRS IX and XI (galaxy
morphologies) and CFRS XIII (comoving luminosity density). Restframe magnitudes and colors
computed as in CFRS VI and CFRS XIII are used for intercomparison of spectral properties.
In section 2, we present the observational data (see also Table 1) and compare spectral and
photometric properties. In section 3, the main spectral properties of CFRS galaxies and their
evolution with redshift are presented, while the material in section 4 focuses on the emission
line properties of z< 0.7 galaxies (HII regions and AGNs from diagnostic diagrams). Section 5
presents the continuum properties of galaxies up to z = 1 and slightly beyond, and investigates
their underlying physical properties (stellar content and age, extinction and metallicity). Sections
6, 7 and 8 describe the properties of several categories of CFRS galaxies (sub-solar metallicity,
quiescent and peculiar galaxies respectively) and a general discussion is presented in Section 9.
Values of q0=0.5, and h50 = 1 (with H0 = 50h50km s
−1Mpc−1) have been adopted throughout the
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paper, except where noted to the contrary.
2. BASIC DATA
The spectroscopic data were taken at CFHT during several runs, but the same observational
strategy was used throughout, and the CFRS spectra can be regarded as a homogeneous set of
data. The spectroscopic data are described in detail in CFRS II, III, IV and V. The spectral
resolution is 40A˚ and the spectral range is 4250 – 8500A˚. The spectra were flux calibrated using
independent calibrating stars for each run (generally 10% accurate). The CFRS sample has been
found to be free of significant observational selection effects against low surface brightness or
compact objects (CFRS I, CFRS IV, CFRS V). Added to the three-fold reduction and redshift
estimation and to the careful treatment of instrumental defects (CFRS II), this has ensured that
CFRS galaxies are essentially selected by their magnitudes (17.5 < IAB < 22.5). Special care has
been taken to provide the highest quality spectrum for each individual object, selecting the best
spectrum from three independent reductions of the data. The CFRS currently provides the largest
well-defined sample of galaxy spectra extending out to z = 1 that is suitable for spectral analysis.
2.1. Line measurements
Line measurements have been made using the software MEASURE implemented at the
Meudon Observatory by D. Pelat. Lines with low S/N (< 2-3) were not taken into account (see
Rola & Pelat 1994) and the software provides an elegant way to estimate the error associated with
the placement of the continuum. Indeed, the latter can be determined either by the user or by
the software ( poissonian noise), and the final error was set to be the maximum of the error given
by the software (gaussian fit), or the difference between the user and software approximations.
Several emission and absorption lines have been measured in the 591 galaxies including [OII]3727,
[OIII]5007, [SII] 6724, Hδ, Hβ, Hα, CaII 3933 and 3969, Mgb 5175 and NaD 5892 when available
in the spectral window. Because the spectral resolution was very low, lines such as [SII]6716
and [SII]6728 and Hα and [NII]6583 could not be resolved. Emission line intensities (in units of
10−29 erg-A˚cm−2) and equivalent widths (A˚) and their corresponding errors are shown in Table
1. When a line doesn’t appear in the spectral range, we denote it by 9999, while when the line
was not measurable because of instrumental reasons (bad sky subtraction or zero order, see CFRS
II) it is represented by 9998. In general, measurements of absorption lines are very noisy due to
the combination of our poor spectral resolution and the background sky noise. We were unable
to provide absorption line measurements for more than half of the objects, which led us to use
medium-band spectrophotometry to investigate the spectral properties of CFRS galaxies.
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2.2. Continuum indices
Six continuum indices have been calculated which, added to the photometric colors, provide a
fair representation of the galaxy restframe continuum properties. Unlike broad-band photometric
colors, each of the continuum indices can be tailored to one or several physical properties in the
galaxies. We have mapped the continua from the UV to the visible with:
– a UV color index D(3250-3550) = fν(3450-3650)/fν (3150-3350), the ratio of the average flux
density fν in the bands 3450-3650A˚ and 3150-3350A˚ at rest, which is mostly sensitive to hot stars.
– a Balmer index, D(3550-3850) = fν(3750-3950)/fν (3450-3650), which is very sensitive to the
population of A stars.
– a UV-B index, D(3550-4150), which is the ratio of the average flux density fν in the bands
4050-4250A˚ and 3450-3650A˚ at rest.
– the 4000A˚ break index D(4000) as defined by Bruzual (1983), which is the ratio of the average
flux density fν in the bands 4050-4250A˚ and 3750-3950A˚ at rest; this index depends on both
metallicity and stellar ages.
– the “red” color index D(41-50)=2.5log(fν (4900-5100)/fν (4050-4250)), which follows the
definition of K92 and which is rather independent of the hot star population (except for the
youngest galaxies), while it varies with metallicity.
– the Mg2 index which is defined following Faber et al. (1977) and Buzzoni et al. (1992), Mg2 =
−2.5log(f(5156-5197.25A˚)/ (0.39f(4897-4958.25)+0.61f(5303-5366.75)), where all the flux densities
correspond to average values in the corresponding bands, either centered on the Mg feature or
at the blue and red sides respectively; this index depends on both temperature and metallicity
(Faber et al. 1977; Faber et al. 1985; Davies et al. 1987).
In order to properly calculate the average flux in a given spectral band, our software fit the
continuum by a straight line, rejecting spikes due to bad sky subtraction, residual cosmic rays
or possible emission lines using the method of sigma clipping. Corresponding errors have been
calculated from the standard deviation. The 7600A˚ atmospheric O2 absorption (∼ 40A˚ wide)
region was excluded prior to the index calculations. Independent estimates were made (by H.F.,
F.H. and G.M-O.) for the D(4000) index and are found to be in good agreement. Values of the
indices and corresponding errors are shown in Table 1. When an index could not be properly
computed because the corresponding restframe continuum bands lie outside the spectral range, a
value of 9999 is given. In these calculations, we have restricted the spectral range to 4750-8250A˚,
in order to avoid possible effects near the ends of the spectra. The available redshift range is 0.45
< z < 1.3 for the UV index D(3250-3550), 0.33 < z < 1.14 for the Balmer index D(3550-3850),
0.23 < z < 1.0 for the D(4000) index, 0.15 < z < 0.65 for the D(41-50) index and 0 <z< 0.58 for
the Mg2 index.
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2.3. Comparison of spectrophotometry and photometry
Several problems can alter the reliability of the spectrophotometric calibration for such faint
objects, including changes in atmospheric conditions during the night, some poorly-determined
slit profiles (due to badly cut slits) and poor extraction of the spectrum at the noisier blue or red
ends. Our imaging data was sufficiently deep in broad-band V and I to allow accurate photometry
( generally better than 0.1 magnitude) for the IAB < 22 CFRS galaxies (CFRS I). Figure 1
compares the (V − I)AB index derived from galaxy spectra with that derived from photometry.
For the former, the IAB values have been estimated assuming that beyond 8500A˚, the limit of our
spectroscopy, the slope of the spectra was the same as that below 8500A˚. The dispersion between
the two indices is 0.15 mag, after excluding the most discrepant objects (∼ 30% of the sample).
On average, the spectroscopic (V − I) is slightly redder (0.04 mag) than the photometric (V − I),
otherwise no systematic trends are apparent in Figure 1.
2.4. Definition of subsamples
In the following, only the 410 galaxies (of 591 in the CFRS complete sample) for which the
spectroscopic and photometric (V − I) colors agree to within 0.4 mag (see Figure 1) are considered
(sample B). Limiting the sample in this way minimizes any instrumental biases related to our
spectroscopy in determining the continuum indices and their reliability from one spectrum to
another, emission line ratios (especially those lying in different parts of the spectrum), and the
fits of individual spectra by model templates. A 0.4 mag discrepancy in (V − I)AB would lead
to an uncertainty of the D(4000) index of 0.07 mag (or 0.03 in log scale), for example, if the
discrepancy propagates linearly with wavelength. Other sources of errors arise from the index
or line measurements and from the photometric color measurements (CFRS I). The relationship
between the D(3550-4150) spectral index and the rest frame (U − V )AB color (estimated from the
photometry) suggests that the spectral index accuracies are comparable to those of the restframe
photometric colors, for almost all galaxies (Figure 2). This is also valid for z = 0.7 to z = 1
galaxies, for which the 4050-4250A˚ band is redshifted beyond 7100A˚, a spectral range dominated
by sky emission lines.
Table 2 presents the various sub-samples used in the paper. In much of the discussion we
include only those galaxies with MB < −20, since less luminous objects rapidly slip beyond
the survey limit for z > 0.5 (samples C, D and E). The sample is frequently subdivided into
two luminosity ranges: a luminous bin (M1µ < −22, sample F) and a moderately luminous bin
(−22 < M1µ < −21, sample G), which allows intercomparison of galaxy properties from z =
0.4 to z = 1.1, and from z = 0.3 to z = 0.9 respectively. Luminosities at 1µ (rest wavelength,
monochromatic) have been calculated from the I and K photometry (see CFRS XIII). Values
for KAB and for M1µ are provided in Table 1, latter could be used by the reader to define the
sub-samples described along the paper. The luminosity at 1µ at all redshifts is more closely
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Fig. 1.— Plot of the colors derived from the spectra compared to photometric colors. The residual
dispersion of the relation is 0.15 magnitude. Only the 410 galaxies with agreement better than 0.4
mag (full dots, sample B) are considered here, as well as in the discussion in the text. The objects
which are more discrepant than this (open dots) show no systematic peculiarities compared to the
whole sample but, for most of them, the flux calibration obviously failed over part of the wavelength
region. The box in the upper left corner shows the distribution of the difference between the two
color estimates.
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Fig. 2.— Plot of the spectral index D(3550-4150) (in magnitude) compared to the restframe
(U − V )AB color derived from the photometry. Lines show the predictions from BC95 (solid:
instantaneous burst, dotted: 1 Gyr burst, dashed: 10% strength burst occuring in a 15 Gyr galaxy).
Almost all the galaxies (sample B) are found near or within an area delimited by solid and dashed
lines in both redshift ranges. Note that the presence of sky emission lines above 7200A˚ has not
seriously affected the calculation of indices such as D(4000) beyond z = 0.7 or D(41-50) beyond z
= 0.45. Circled dots distinguish D(4000) deficient objects.
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related to the amount of old stars in galaxies than the B luminosity and hence, although in a
complicated way, to their masses. Other subdivisions concerns the emission line objects and their
classifications (samples H and I).
2.4.1. Quiescent galaxies
We use this generic term for all galaxies without detected emission lines. It must be kept in
mind that a significant fraction of quiescent galaxies may not have been identified at z > 0.7 (see
below and CFRS V) and also that our spectral range does not include Hα at z > 0.3 and Hβ and
[OIII] 4959,5007 beyond z = 0.7.
2.4.2. Selection effects against quiescent objects at high redshift
Crampton et al. (1995) have extensively studied the photometric properties of the unidentified
CFRS objects (15% of the sample). They concluded that at least half of the unidentified objects
are likely to be galaxies at the higher redshifts. This is supported by a simple analysis of the
[OII] 3727 emission line properties of the CFRS galaxies. Figure 3 shows the histogram and
the fraction of emission-line galaxies for MB < −20. The fraction of emission-line galaxies (i.e.
detectable equivalent width of [OII] 3727, W0(OII) > 0) smoothly increases with redshift reaching
a value of ∼75% from z = 0.5 to z = 0.8. We believe that the virtual absence of quiescent
galaxies (W0(OII) = 0) at z >0.8 is related to the combination of at least two selection biases:
(i) faint objects without emission are more difficult to identify (see CFRS V); (ii) red and early
type galaxies at high-z are very faint at ∼ 6000A˚ (peak of transmission for our spectroscopy),
which renders difficult redshift measurements. For example, at 0.75 < z < 0.85, there is still a
significant fraction (9 among 25 galaxies) of quiescent galaxies in the very luminous bin (sample
C, MB <-21), but there are none in the less luminous bin (sample C, −21 < MB < −20) at z>
0.75 (0 among 24 galaxies). At these redshifts the latter bin is populated by galaxies with IAB
very close to our spectroscopic limit (22.5). If the fraction of emission-line galaxies is assumed
to remain constant at 75% in the highest redshift ranges, the number of quiescent high-z objects
missed by our spectroscopy can be estimated. There are only 3 quiescent galaxies among the 63
at z>0.85. To maintain the 75% value beyond z = 0.75, we estimate that up to 16 objects (out of
410) could have been missed because they were faint high-z galaxies without emission lines. This
implies that nearly a third (∼ 25 galaxies) of the CFRS failure rate is related to quiescent galaxies
at high redshift, in agreement with the discussion in CFRS V.
3. EVOLUTION OF GROSS SPECTRAL PROPERTIES WITH REDSHIFT
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Fig. 3.— bottom: redshift histogram for the 272 MB < −20 galaxies (sample C); the black+shaded
area represents the W0(OII) >0 galaxies (sample D) and the dark area the objects with significant
star formation (W0(OII) > 15A˚). (top): fraction of objects with W0(OII) > 15A˚ (solid line) and
with W0(OII) > 0A˚; they increase by large factors especially when compared to similar galaxies
at low redshifts (point at z=0 from Vettolani et al. 1996 and private communication).
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3.1. [OII] 3727 emission line
3.1.1. [OII] 3727 equivalent widths and luminosities
Figure 3 shows that the fraction of bright emission-line galaxies (W0(OII) > 0 and MB <-20)
smoothly increases with redshift, to ∼75% at z > 0.5. Note that 62% of the 141 MB < -20 galaxies
with 0.45 < z < 0.75 show substantial [OII] 3727 equivalent widths (W0(OII) >15A˚), which can
be compared to 34% of similar objects among the 38 MB < -20 galaxies with 0.15 < z < 0.45.
The redshift increase of the fraction of galaxies with significant line emission is found to be highly
significant even after accounting for the quiescent galaxies which could have been missed by our
spectroscopy in the 0.45 < z < 0.75 redshift interval. Probabilities that such an increase occurs in
a random distribution are as low as 10−7 (two populations, Student t test, t=10 for ν=228), even
after assuming that 50 quiescent galaxies with MB <-20 have been missed in the 0.45 < z < 0.75
redshift interval (which is a crude overestimation, see CFRS V). This trend is also supported by a
comparison with what is found in local samples of bright galaxies. Indeed, Vettolani et al. (1996,
and private communication) found that, in the ESP sample, 13% of the MB <-20 galaxies show
[OII] 3727 emission line with W0(OII) >15A˚. Recall that the ESP sample is well suited for a
comparison with the CFRS, since it includes the spectra of ∼ 4500 BJ <19.4 objects, regardless
of their surface brigthness profiles, and with a spectroscopic success rate of 95%. From the DARS
sample, Peterson et al (1986) found similar values (17% of the galaxies with W0(OII) >15A˚, with
> 70% of the DARS galaxies having MB <-20). We are aware that possible biases related to
aperture effects can affect the comparison of the CFRS sample to local samples. These effects are
likely complex and would require a knowledge of the spatial distribution of W0(OII) in a complete
sample of local galaxies. However we believe that they could not affect the major conclusion of
this section, i.e. there is a considerable increase of the fraction of bright emission line galaxies
from z=0 to z>0.5. Firstly, W0(OII) is a relative quantity, i.e. the ratio of the nebular emission
of the gas (related to the strength of the ionisation by very hot stars) to the continuum emission
at 3727A which is also related to hot stars. Secondly, the peak in the Vettolani redshift histogram
is at z=0.1, and their corresponding 2”.4 diameter fiber represents 6 kpc at z=0.1, i.e. it samples
a reasonably large fraction of the galactic disks. Thirdly, there is a good agreement between the
two values found in two differently selected samples (DARS and ESP have limiting magnitude
of BJ =16.5-17, and BJ = 19.4, respectively), which suggests that aperture effects cannot be
dramatic when comparing the properties of W0(OII) in different samples. Our conclusion is that
between z = 0 and z = 0.5, there is a significant increase in the fraction of luminous galaxies which
show signs of star formation. This mirrors the change in the restframe (U − V )0–MB diagram
shown in CFRS VI (their Fig 5). Beyond z=0.5 the fraction of galaxies with W0(OII) > 15A˚ is
reaching a plateau with a nominal value from 55% to 65%, and the further increase beyond z=0.8
is likely related to the difficulty in identifying quiescent galaxies at high redshift (see section 2.4.2).
In the sample C (MB < −20 and [OII] 3727 in emission), the increase of W0(OII) is rather
modest (factor 1.4) between z = 0.4 (average W0(OII)= 21.5A˚) and z = 0.8 (average W0(OII)=
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Fig. 4.— Evolution of W0(OII) with redshift in two luminosity bins. Filled circles represent
galaxies with significant emission lines (W0(OII) > 15A˚). The redshift evolution for the latter is
shown by the solid and dotted lines, which correspond to the mean and median values, respectively.
These quantities have been calculated in redshift bins of constant covolume for q0 =0.5 (see text and
Table 3). In both luminosity bins, W0(OII) show no significant redshift increase from z = 0.4 to z
= 0.875. In the highest luminosity bin (bottom, M1µ < −22), W0(OII) mean and median values
increase by a factor 1.5 at higher redshift (z>0.87). Circled dots distinguish D(4000)-deficient
objects (only valid below z = 1).
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29.6A˚). For comparison, in the DARS sample (Peterson et al. 1986) the average W0(OII) of the
emission-line galaxies is 20A˚. In order to quantify the redshift evolution of W0(OII), we have
restricted our sample to the objects showing significant emission lines (W0(OII) > 15A˚). One
can argue that these galaxies up to z=1 and slightly beyond cannot have been missed in our
spectroscopic sample (at z∼ 1 they would show an equivalent width of 30A˚ in the observer frame).
Furthermore, we have subdivided the sample in 5 redshift bins (see Table 3), the motivation of
the choice of the redshift ranges being to have a fair equipartition of the covolume from z=0.4
to z=1.11 in 5 equal parts (assuming q0 =0.5). From Table 3, one can investigate the redshift
evolution of the comoving number density of galaxies with significant emission lines, and of
the median and average values of W0(OII). We have also divided the sample of emission-line
galaxies according to their absolute magnitude, at B and at 1µ wavelengths, respectively. In both
sub-samples (MB < −21 and −21 < MB < −20 galaxies, respectively), the increase of the median
and of the mean values of W0(OII), is small and not significant. Figure 4 shows the redshift
evolution of W0(OII) for galaxies in the two 1µ luminosity bins. In the sub-sample of luminous
galaxies at 1µ (M1µ < −22), the mean and median values of W0(OII) are constant from z=0.4 to
z=0.875, and suddenly increase in the two higher redshift bins. A simple statistical test shows that
the two populations (at 0.4 < z < 0.875 and at 0.875 < z < 1.11, respectively) cannot be drawn
from the same population (2 populations, Student t test, t=3.9 for ν=46, P=0.9998), relatively
to their W0(OII) properties. It can be also interpreted as an increase of the actual scatter of
W0(OII) values (of M1µ < -22 galaxies) with the redshift, as it can be seen from Table 3.
Evolution of the most luminous galaxies at 1µ is corroborated by examination of the relation
between the rest frame (U − V )AB colors and the [OII] 3727 luminosities (Figure 5), which are
known to be linked to the birthrate parameter (observed rate compared to the average past rate
of star formation) and to the observed rate of star formation, respectively (see Kennicutt et al.
1994). The comoving number density of luminous galaxies (M1µ < −22) shows no increase in the
4 redshift bins, while with increasing redshift, they apparently shift towards bluer (U − V )AB
colors (median in the highest redshift bin 1 mag bluer than in the lowest redshift bin) and higher
[OII] 3727 luminosities. This effect is followed by only a modest shift of the rest frame (B− 1µ)AB
color (0.4 mag for the median), so the color shift is mainly related to UV light. This can be
interpreted as due to either an effective blueing of the most 1µ luminous objects accompanied by
a large increase of the SFR, or to the emergence at high redshift of a 1µ and [OII] 3727 luminous
population of galaxies which should fade away at lower redshift. The emission-line galaxies with
the highest luminosities at 1µ show significant changes with redshift in both (U − V )AB color and
in [OII] 3727 luminosity. These changes are similar to those found by Cowie et al (1996) in the
Hawaii deep fields (see their Figure 10).
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Fig. 5.— Relation between rest frame (U − V )AB colors and [OII] 3727 luminosity in 4 redshift
bins, chosen to provide an equipartition of the covolume from z = 0.4 to z = 1 (q0=0.5). Filled
circles represent galaxies with substantial amounts of old stars (M1µ < −22), open circles the rest
of the sample (−22 < M1µ < −21) and circled dots are the D(4000)-deficient galaxies.
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3.1.2. [OII] 3727 luminosity comoving density
The comoving luminosity density of [OII] 3727 has been computed in 4 redshift bins, following
the Vmax formalism used to construct the continuum luminosity densities in CFRS XIII. [OII] 3727
luminosities have been calculated from the measured [OII] 3727 fluxes. Hence we have applied
aperture correction factors (with average values ranging from 1.4 to 1.6 in the 4 redshift bins) to
account for the light missed by our 1.′′75 slit.
Aperture corrections have been calculated in two different ways: (i) we have computed the
fraction of V broad band light which has been missed by our spectroscopy (recall that for z>0.4
the V filter samples the UV light at rest); (ii) we have estimated the continuum flux at 3727A for
all galaxies from their VAB magnitude and (V − I)AB color (see CFRS VI) and have calculated
the [OII] 3727 flux from W0(OII). Both methods lead to similar correction factors, without strong
variations from one redshift bin to another.
The “directly-observed” comoving luminosity density was first computed based on the
IAB ≤ 22.5 CFRS galaxies with measured [OII] 3727 fluxes. Note that these estimates are unlikely
to be affected by our failure to obtain redshift identifications for 19% of the galaxies, since the
latter are unlikely to have [OII] 3727 emission lines, but they will be lower limits since there are
galaxies fainter than the survey limit of IAB < 22.5. Statistical uncertainties in these estimates
have been calculated as in CFRS XIII.
The contribution of the low luminosity galaxies undoubtedly lying below the CFRS magnitude
limit has been estimated as follows. The low redshift bin (0.23 < z < 0.5) includes MB < −18.5
galaxies, the intermediate redshift bin (0.5 < z < 0.75) MB < −19.5 galaxies, and the high
redshift bin (0.75 < z < 1) MB < −20.5 galaxies. Three scenarios have been considered to
estimate the [OII] 3727 luminosity density produced by the “missing” low luminosity galaxies
in the intermediate and high redshift bins: (i) strong evolution similar to that of MB < −19.5
or of MB < −20.5 galaxies, respectively; (ii) no evolution at z ≥ 0.35; (iii) a mixed evolution
scenario, in which MB > −19.5 galaxies would not evolve, but −20.5 < MB < −19.5 galaxies
would. Figure 6 shows the average values resulting from these three scenarios which all fall very
close to those from the mixed evolution scenario. The error bars include the differences among
the three scenarios and become large for the high redshift bin. These values are given in Table 4.
At very low redshifts, the luminosity density at z = 0 has been derived from Gallego et al. (1995)
assuming the K92 relationship between [OII] 3727 and Hα luminosities.
The [OII] 3727 luminosity density of field galaxies ( MB <-18.5) does not appear to increase
much from z = 0 to z = 0.375 (by a factor 1.6, over an elapsed time equal to 28% of the age of
the Universe), but increases by a large factor (8.4 ±3.5) between z = 0.375 and z = 0.85 (elapsed
interval 22% of the age of the Universe). The latter increase is even larger than the evolution of
the luminosity density found at 2800A˚ (factor 4.3±0.9, CFRS XIII) although the overall increase
over the whole redshift range 0 < z < 1 is comparable. These results are quantitatively and
qualitatively independent of q0, given the error bars (see Table 4 and compare the values for
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Fig. 6.— (top): [OII] 3727 luminosity against redshift (sample B). (middle): redshift evolution of
the comoving density of the [OII] 3727 density; open dots represent the directly observed values
and full dots the estimated values assuming contributions of low luminosity galaxies (MB <-18.5)
at all redshifts (see text and Table 4). The point at z = 0 is from Gallego et al. assuming the
K92 relationship between [OII] 3727 and Hα luminosities. Since Gallego et al. integrate over
all luminosities, the z = 0 value is an upper limit relative to the values at higher z. (bottom):
cumulative fraction of the present day stellar mass which would be formed since z = 1, assuming
Kennicutt’s SFR calibration; solid line represents the contribution of all galaxies withMB < −18.5.
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q0=0.5 and q0=0.1, respectively). The comoving densities shown in Figure 6 (middle panel) are
systematically higher than those of Cowie et al. (1995), by factors of about 5, for reasons we
do not understand (the individual luminosities agree well, statistically). The number quoted by
Cowie et al. (1995) at z = 0.375 (6×1037 erg s−1Mpc−3) is much lower than the derivation from
Gallego et al. (1995) locally (2.6×1038 erg s−1Mpc−3), which is not realistic. Our value at z =
0.375 is not much higher than that of Gallego et al. (Figure 6), which is consistent with the
modest evolution in the luminosity function of blue galaxies and in disk surface brightness from z
= 0 to z = 0.375 (CFRS VI and CFRS IX).
3.2. Continuum indices
3.2.1. Continuum indices versus redshift and duration of the star formation
Some of the continuum indices show a modest decrease or “blueing” with redshift (Figure 7)
in the two luminosity bins. The D(4000) decrease is statistically significant (ρ from 0.3 to 0.4).
On average, t he D(41-50) index decreases by ∼ 0.4 magnitude between z = 0.4 and 0.6, the
D(4000) index by ∼ 0.3 magnitude between z = 0.5 and 1. At lower wavelengths, the UV index
D(3250-3550) decreases by only ∼ 0.1 magnitude (not significant) between z = 0.5 and z = 1 and
the Balmer index D(3550-3850) shows no apparent decrease with redshift. The relatively modest
color evolution found, especially at the UV end of the spectra, indicates that a dramatic increase
in the fraction of extremely blue and young galaxies (e.g., starbursts or blue compact galaxies
with (U − V )AB <0) in the past is unlikely (see for example Figure 2). The data suggest more
modest evolution involving sustained star formation.
Figure 8 shows average spectra of emission-line galaxies in 4 redshift bins. One can see that
the increase of W0(OII) is accompanied by a decrease of the 4000A˚ break with the redshift,
while relatively large Balmer breaks are found at all redshifts. Large values for the latter are
unavoidably accompanied by large values for the Balmer absorption lines, for any plausible stellar
population. In the average spectra, typical values for W0(Hδ) are in the range between 3 and
4A˚. We have empirically set a limiting value of log D(3550-3850) = 0.2 (which corresponds to
equivalent widths for Balmer lines of 5-7A˚) to distinguish emission-line objects having a significant
A star population from the others. Emission-line galaxies with Balmer indices higher than this
value have experienced a significant burst several tenths of Gyr ago, while they were still forming
stars at the time their observed light was emitted. Assuming that the burst duration is at least as
large as the burst age, the BC93 and BC95 codes provide an estimate of the elapsed time since the
beginning of the significant burst. We find that log D(3550-3850) = 0.2 implies Telapsed > 0.6 Gyr
assuming a constant star formation rate ( the accuracy in the latter value is better than 0.05 Gyr
after testing a complete range of time scale for the burst). 41% of the 170 emission-line galaxies
(MB < −20, 0.45 < z < 1) show a substantial A star population according to the above criterion.
This fraction is found to be the same at all redshifts (Figure 7) and is unlikely to be affected by
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Fig. 7.— Evolution of four color indices with redshift for galaxies with MB < −20 (sample C);
the full dots represent emission-line galaxies, open dots quiescent galaxies (with W0(OII)= 0).
Correlation parameter are given in each panel. Dashed lines show the limits of the color indices
from BC95. Typical error bars are shown in the bottom left in each panel.
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Fig. 8.— Average spectra of MB < −20 emission-line galaxies (sample D) in four redshift bins.
Average has been computed by scaling each individual spectrum in the 3500-4500A˚ wavelength
range (at rest). Residuals (1σ deviation) are shown in the bottom of each panel.
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the presence of extinction or by a mixture of stellar populations. The fact that a large fraction of
the galaxy population shows emission lines, and also has a significant A star population, suggests
that most of the field galaxies with emission lines, at redshift ranging from z = 0.4 to z = 1, are
experiencing long-duration events of star formation (at least 0.6 Gyr). This is also consistent with
the relatively small number of post-starburst galaxies (section 8.2) in the sample, which represent
only 11% of the objects having a significant population of A stars. Recall that a much larger
fraction of post-starburst galaxies is found in rich distant clusters, interpreted as being related to
short-duration bursts (∼ 0.1 Gyr, Barger et al. 1996). Latter analysis is similar than our, and
based on the relative strengths of the Hδ equivalent width and on B − R color indices of cluster
galaxies.
3.2.2. Continuum indices versus [OII] 3727
The relationships between the [OII] 3727 emission line and continuum indices are shown in
Figures 9 and 10. As expected, the bluest continuum indices are associated with the strongest
emission lines, and vice versa. At intermediate redshifts (0.4 < z < 0.7) the D(4000) index
correlates with the [OII] 3727 luminosity while at higher redshift there is a strong increase in the
dispersion of the relation. Interestingly, the relationship between D(4000) indices and W0(OII)
(which are both relative quantities) shows the same trend (strong correlation in the moderate
redshift bin, no correlation in the high redshift bin). At all redshifts and for every [OII] 3727
luminosity (or W0(OII)), there is a substantial fraction of galaxies having large Balmer indices,
indicative of the presence of a population of A stars. More generally, there is a difference in
the behavior of “red” indices, D(4000) and D(3550-4150), relative to the UV color indices,
D(3250-3550) and D(3550-3850). The “red” indices show a net decrease with [OII] 3727 luminosity
and with redshift in contrast to the UV indices which stay roughly constant. The latter is found to
be largely independent of OII properties at all redshifts. Galaxies with high [OII] 3727 luminosities
have UV color indices much redder than an extremely young burst (such as a blue compact dwarf,
see the lower limit drawn in Figure 10). We find essentially no objects that would be comparable
to the extreme blue compact galaxies (see Izotov et al. 1995), i.e. with W0(OII) larger than 100A˚
and extremely blue color indices.
3.3. Summary: Gross evolutionary properties from z = 0.4 to 1
The most obvious sign of spectral evolution of field galaxies is the huge increase in the fraction
of galaxies showing significant star formation (W0(OII) > 15A˚), from 13% locally to 50% or more
at z > 0.5. Beyond z = 0.5 there is a certain “saturation” in the evolution of the population of
the less luminous galaxies (−22 < M1µ < −21) which show no further evolution of their broad
band-colors or [OII] 3727 properties (Figures 4, 5).
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Fig. 9.— Relation between D(4000) index and [OII] 3727 luminosity in two redshift bins. Full dots
represents galaxies with substantial amounts of old stars (M1µ < −22); open dots the rest of the
sample (−22 < M1µ < −21). The circled dots are the D(4000)-deficient galaxies. The dashed lines
show the limit on the D(4000) index from the BC95 model.
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Fig. 10.— Relation between Balmer index and [OII] 3727 luminosity in two redshift bins. Full dots
represents galaxies with substantial amounts of old stars (M1µ < −22); open dots the rest of the
sample (−22 < M1µ < −21). The circled dots are the D(4000)-deficient galaxies. The dashed lines
show the limit on the Balmer index from the BC95 model.
– 23 –
At z > 0.5, the decrease of the rest frame (U − V )AB color with redshift is mostly associated
with galaxies with large near-infrared luminosities (M1µ < −22, Figure 5). The “blueing” of
galaxies in this category with high redshift is then mostly due to a change in their spectral energy
distributions from 3850A˚ to 5500A˚, without color changes below 3850A˚. In other words, beyond
z = 0.5, the colors of the population of luminous galaxies with M1µ < −22 shift closer to those
of less luminous galaxies. In this redshift range, the strong redshift evolution of the [OII] 3727
luminosity density is mainly due to the increasing contribution of galaxies that are luminous at 1µ.
The large values reached by the comoving [OII] 3727 luminosity density at z = 1 suggest that
a significant fraction of the stars have been formed since z = 1. This is supported by the fact
that most of the emission-line galaxies (which represent 75% of the z>0.7 galaxies) are probably
experiencing relatively long (> 0.6 Gyr) epochs of star formation. These events are accompanied
by a consequent brightening of the disk surface brightness (1 mag from z = 0.3 to z = 0.8, CFRS
IX). All of these are consistent with the fact that, on average, CFRS galaxies with significant star
formation (W0(OII) > 15A˚) have restframe B − 1µ colors that are 0.6 mag bluer than the rest of
the sample. Assuming an exponentially decreasing SFR (τ∼0.8 models), a brightening of ∼ 1 mag
(at B wavelength which corresponds to a 0.6 mag blueing of the B − 1µ color index) is produced
if ∼ 10% of the galaxy mass is formed during the corresponding period of star formation. Since
beyond z = 0.5, >50% of the galaxies have significant star formation, it is possible that star
formation has been sustained in many galaxies as long as several Gyrs, leading to the formation of
a substantial fraction of their masses between z = 1 and z = 0.5 (elapsed time ∼2.3 Gyr).
4. EMISSION LINE PROPERTIES OF z < 0.7 GALAXIES
In this section we look in detail at the line ratios of CFRS emission-line galaxies, limiting our
attention to z < 0.7 since it is only in this redshift range that [OII] 3727, Hβ and [OIII] 5007 can
be observed in the CFRS spectral range.
K92 discussed the relation between the “red” index D(41-50) and W0(OII), finding a very
well-defined sequence for nearby galaxies. In passing, he mentioned that objects much redder in
D(41-50) than the defined sequence are likely to be Seyfert2 galaxies (see Section 4.2). Figure 11
shows the K92 diagram for our CFRS galaxies with z < 0.7. The K92 sequence is shown by the
solid line, and the two dashed lines basically delimit the area containing all K92’s normal galaxies.
Figure 11 demonstrates that there are objects at all redshifts significantly redder than the K92
sequence and that at higher redshift (z > 0.5), there are galaxies (star symbols) having D(41-50)
significantly bluer than the K92 sequence, while K92 found no such objects locally. This is related
to the fact that the decrease of D(41-50) index with redshift is accompanied by a significant
increase of the dispersion (Figure 7). In this section, we test if the apparent evolution of D(41-50)
color index versus W0(OII) is accompanied by a change in the properties of the emission-line
galaxies. Between z = 0.375 and z = 0.625 the luminosity function of blue CFRS galaxies is found
to be evolving by ∼ 1 mag around MB = −20.5, if the evolution is assumed to be in luminosity
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Fig. 11.— Relation between the [OII] 3727 equivalent width and the D(41-50) continuum index for
139 z < 0.5 galaxies (squares symbols) and 101 0.5<z < 0.7 galaxies (star symbols) from sample B;
the solid line was drawn from the study of local galaxies by K92, the dotted lines delimit the area
containing all the local normal galaxies. Error bars are only shown for objects with W0(OII) >0
for cosmetic reasons.
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(CFRS VI).
For z < 0.7, the most prominent emission lines found in our spectral window are [OII] 3727,
Hβ and [OIII] 5007. Photoionization models (Stasinska 1984; Osterbrock 1989) show that the
corresponding line ratios depend on the nature of the ionizing continuum, the stellar temperature,
the metallicity and extinction. Unfortunately, our spectral resolution does not allow accurate
correction of the stellar absorption underlying the Hβ line. Therefore, we have proceeded as
follows:
(1) the underlying Hβ absorption has been estimated from BC93 models using the relationship
between W(Hβ) and the D(3550-4150) index, two quantities which are known to be rather
insensitive to the metallicity (Bica & Alloin 1986, Bica et al. 1994). It has been estimated from
the averaging of three different models (1Gyr burst, 0.1Gyr burst of 10% and of 50% strength
percentage occuring in a 10Gyr old galaxy), and can be approximated by two line segments with
an accuracy of ∼ 1A˚ on W(Hβ). From this relation we calculate the underlying Hβ absorption and
then correct the Hβ emission line. After correction, we found all W(Hβ) but three were positive
(i.e., in emission). For the three remaining spectra, we have assumed a positive value for W (Hβ),
which is the maximum of (1A˚, errorbar).
(2) since most of the objects have emission lines, it is possible to use the diagnostic diagram for all
objects having both [OII] 3727 and [OIII] 5007, i.e., 60% of the z < 0.65 objects. The emission line
ratio [OIII]4959+5007/Hβ has been estimated by the ratio of W0(OIII) to the corrected W0(Hβ),
while for the ratio [OII]3727/Hβ, the approximation used is:
[OII]3727/Hβ =
([OII]3727/W0(Hβ) ∗ (W0(OIII)/[OIII]5007).
This relation simply assumes that the continuum at Hβ can be approximated by the continuum
at 5007A˚.
4.1. Diagnostic diagram and the fraction of AGNs
It is very useful to try to identify AGNs since, besides being interesting in their own right,
any study of star formation activity is likely contaminated by such objects, which are driven by
other mechanisms than ionization by stellar continua. We have used the diagnostic diagram of
([OII]3727/Hβ vs [OIII]4959+5007/Hβ) described in Rola (1995) or Tresse et al. (1996, hereafter
CFRS XII), and compared the results to photoionization models (Rola 1995).
Figure 12 shows the diagnostic diagram for all the 102 galaxies with [OII] 3727 and [OIII]
5007 in emission (among 162 having defined D(3550-4150) and emission line indices). The dashed
line (panels (a) and (b)) shows an empirical limit between AGN-like and stellar-like spectra, and
corresponds to the photoionization limit for a stellar temperature of 60 000K (see Rola 1995;
CFRS XII). We have assumed an average extinction of AV=1 mag (average value for HII regions,
see Oey & Kennicutt 1993), but find that the results are not strongly dependent on that. An
extinction of 1 mag corresponds to 0.33 mag or 0.13 in log([OII]3727/Hβ), less than the error bars.
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Fig. 12.— Diagnostic diagram with [OIII]4959+5007/Hβ versus [OII]3727/Hβ. (a) For 102 emission
line galaxies (sample I) with z <0.7 (full dots: MB < −20, open dots: MB > −20). An average
extinction of AV= 1 has been assumed. The Hβ intensities have been corrected for underlying
absorption (see text). The solid line shows the theoretical sequence from McCall et al. (1985)
which fits local HII galaxies well, with metallicity decreasing from the left to the right. The dotted
lines are drawn for three ranges of the ionisation parameter: U1, from 1.2 × 10−3 to 4.7 × 10−4
and QH = 1.2 × 10
50 s−1; U2, from 7.4 × 10−3 to 2.5 × 10−3 and QH = 1.2 × 10
50 s−1; U3, from
3.9 × 10−2 to 1.2 × 10−2 and QH = 1.2 × 10
52 s−1. The dashed line shows the photoionization
limit for a stellar temperature of 60 000K and empirically delimits the Seyfert 2 area from the HII
region area. (b) For 70 galaxies with error bars smaller than 0.3 in logarithmic scale. The dotted
lines are drawn with varying metallicities for two given temperatures (from Mc Call et al. 1985).
Blue nucleated galaxies are also displayed. (c) Same as (a) with the error bars. (d) For a local
sample of HII galaxies with varying abundances (see references in the text). The average value
from the CFRS HII galaxy combined spectrum is also displayed (cross) for comparison.
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The result is that 11±6 objects among 162 z < 0.7 galaxies have Seyfert2-like spectra (we find no
low excitation AGNs, i.e. LINERs). Figure 13 shows their combined spectra with prominent [OII]
3727 and [OIII] 4959 and 5007 emission lines. CFRS14.1567 (z = 0.47, MB = −22), which is likely
a Seyfert 1 galaxy (Schade et al. 1996a), must also be added to the Seyfert sample at z< 0.7. The
fraction of Seyfert-like spectra is thus (12± 6)/162, i.e. 7.4 (±3.6)% of the spectra. This fraction
is higher for the MB < −20 galaxies and might increase with redshift (11% at z > 0.6). This
result concerns objects which are brighter and at higher redshifts than those discussed in CFRS
XII, which describes properties of low luminosity galaxies (z< 0.3 and −19.5 < MB < −17.5), and
found that a significant fraction of the latter have emission-line ratio rather similar to those of
LINERs.
The comparison of the fraction of Seyfert galaxies found in the CFRS to that found in local
samples is rather problematic, since the methodology to identify Seyfert2 galaxies depends on the
available emission lines in the spectral window. For example Salzer et al (1989) find that 11% of
the emission line galaxies are Seyfert galaxies, on the basis of ([NII]6583/Hα, [OIII]5007/Hβ)
diagnostic diagram. The other problem is the absence of systematic study of the fraction of
emission line in complete sample of low redshift galaxies. However, there are some indications that
the fraction of Seyfert in local samples is close to 2%, a value found by Huchra & Burg (1992)
and which can be also reached by assuming that the rate of emission line galaxies locally is close
to 20% (from Schectman et al, 1992 or from Peterson et al, 1986) , and that 11% of them are
Seyfert as derived by Salzer et al (1989). It indicates that the the fraction of CFRS galaxies that
are Seyferts is probably much higher than that is found at low redshift. However, the fraction of
emission-line galaxies that are Seyferts appears to have stayed roughly constant at ∼ 10%.
4.2. [OII] 3727 versus continuum and AGN
K92 mentioned that the W0(OII) vs D(41-50) diagram allows good separation of AGNs and
normal galaxies. He argued that “the Seyfert2 nuclei tend to occur in early-to-intermediate type
spirals which have much redder colors than star-forming galaxies”. Among the 11 CFRS galaxies
with Seyfert2-like spectra, only one has a D(41-50) index significantly redder than the K92
sequence line. One possibility is that the mean continuum index becomes bluer with increasing
redshift, and hence the high-z Seyfert2 galaxies tend to lie closer to the K92 line.
We have looked at objects having [OII] 3727 in emission and significantly redder than the
fiducial relation between W0(OII) and D(41-50) color index ( > 1 sigma from the dotted lines
in Figure 11). To be more conservative, we added the condition that the objects must also be
significantly redder than the fiducial relation between W0(OII) and D(3550-4150), meaning that
the whole spectral distribution should be red from 3550 to 5000A˚, while having significant [OII]
3727 emission. We identify six such objects (among 190 objects having both spectral indices
defined), and they generally show low ionization spectra suggesting that they are LINERs.
However, these six objects cannot be used to estimate the fraction of LINERs at relatively high
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Fig. 13.— (top): Average spectrum of the 90 z< 0.7 CFRS HII galaxies. It shows a
relatively red galaxy with substantial Balmer absorption (W0(Hδ)= 2.7A˚) and emission line
ratios (log([OIII]4959+5007/Hβ)= 0.25 and log([OII]3727/Hβ)= 0.22, assuming a Hβ underlying
absorption of 2.7A˚ and AV= 1 mag), significantly discrepant from local HII region values. (bottom):
Average spectrum of the 12 Seyfert2-like spectra which shows the extremely strong [OIII]5007 line
relative to Hβ. The latter is also probably affected by underlying absorption (W0(Hδ)= 2.2A˚).
The galaxy continuum is relatively red, similar to several local Seyfert2 galaxies. Residuals (1σ
deviation) are shown in the bottom of each panel.
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z, since such objects are not easily detected at high redshift (moderate W0(OII), no [OIII] 5007
lines).
4.3. The nature of HII regions in galaxies to z = 0.7
60% of the z < 0.7 galaxies show both [OII] 3727 and [OIII] 5007 emission lines. Figure 12
shows their location in the ([OII]3727/Hβ, [OIII]4959+5007/Hβ) diagram. We have adopted a
uniform extinction law, AV= 1 (average value for local HII regions, see Oey & Kennicutt 1993).
The solid line shows the model sequence of McCall et al. (1985) which fits nearby extragalactic
HII regions very well. The sequence corresponds to varying temperatures and metallicities while
the dotted lines in panel (b) (also from McCall et al.) show the effect of varying the metallicity
(higher metallicities to the left) for a given stellar temperature. Most of the CFRS emission-line
galaxies lie in a region where no local HII regions are found. It would require extremely high
extinction (AV > 3 on average) to bring the average point of CFRS HII regions to the McCall et
al. sequence. For a given value of [OIII]4959+5007/Hβ, the CFRS galaxies exhibit lower values of
[OII]3727/Hβ than local HII regions. Note also that luminous emission-line galaxies (MB < −20)
occupy the whole range of the diagram, while less luminous galaxies (open circles) are absent in
the leftmost part of the diagram. This might indicate that HII regions with higher abundances are
found in more luminous galaxies, in agreement with the suggestion by Salzer et al. (1989) from a
study of nearby emission-line galaxies.
We have compared the emission line properties of the z <0.7 CFRS galaxies to those of a
local sample of HII regions and HII galaxies, where the emission line intensities and corresponding
oxygen abundances were taken from the literature (Vilchez et al. 1988; Diaz et al. 1991; Zaritzky
et al. 1994; Pagel et al. 1992; Dinerstein & Shields, 1986; Thuan et al. 1995; Skillman et
al. 1989; Oey & Kennicutt 1993; Masegosa et al. 1994). Only few CFRS HII galaxies have
locations which coincide with that of local HII regions with abundances varying between 1.5 and
0.05(O/H)/(O/H)⊙ (or less).
We have computed photoionization models from the grid for HII regions of Rola (1995; see
also CFRSXII). These models were calculated using Kurucz (1992) model atmospheres for a stellar
effective temperature of 50 000K. The metallicity ranges from 2.0 to 0.1 times solar metallicity.
The ionisation parameter is U = QH/(4πR
2nHc), where QH is the number of H
o ionising photons
- which is 1.20 × 1050 s−1 in the two upper curves (U1 and U2) and 1.20 × 1052 s−1 in the bottom
one (U3), against 1.0 × 1051 s−1 for the McCall models -, R is the radius of the photoionised
region and c is the speed of light; U increases from the upper curve to the bottom one (see Figure
12 caption). For each curve U1, U2 and U3, the ionisation parameter slightly varies along each
one, decreasing from the left to the right. The lowest values of the ionization parameter reproduce
quite closely the observed local HII region sequence, whereas the highest possible ionization
parameters are required to match a significant fraction of the CFRS HII galaxies (Figure 12a).
In the models which fit the CFRS objects, the ionization parameter ranges from ∼5.0 × 10−3 to
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3.0 × 10−3 approximately, while the metallicity varies roughly between about 1.5 and 0.5 solar.
However the degeneracy of the models in this diagnostic diagram prevents us from making firm
conclusions about metallicity.
The upper panel of figure 13 presents the average spectrum of the 90 z < 0.7 emission-line
galaxies which are not Seyfert2. On average, the [OIII] 5007 line has a higher flux than the [OII]
3727 line, conversely to what is observed for local HII regions. Assuming that the underlying
stellar absorption is given by the Hδ line (2.7 A˚), the combined spectrum has an emission line
ratio well off the McCall et al. sequence (Figure 12d). This supports the fact that distant HII
regions have different physical properties from local ones.
In summary, the overall range in metallicities in CFRS HII regions in galaxies at z < 0.7 seems
to be rather normal, although a substantial fraction of these objects appear to have metallicities
significantly lower than the Sun. The main difference between the local HII region sequence and
the CFRS sequence appears to be caused by a higher ionization parameter for the latter. The
effect seems to be stronger with increasing redshift. Many explanations can be proposed for the
redshift evolution of the ionizing properties in HII galaxies. It could be due to an increase of the
effective temperature at higher z, or to a better “efficiency” of ionizing photons coming from hot
stars, the latter possibly being related to a decreasing internal opacity between hot stars and gas
in HII regions of high redshift galaxies.
4.4. Hα versus [OII] 3727
Kennicutt(1992) reported a tight relationship between W0(OII) and W(Hα) in a local sample
of galaxies and used it for calibrating the star formation rate against the [OII] 3727 luminosity.
A similar figure (Figure 14) for the 61 CFRS galaxies at z < 0.3 shows a large dispersion and
also shows that a large fraction of the objects with strong W0(OII) lie well above the K92 local
relation. Several reasons might be responsible for this difference:
(i) the CFRS galaxies at z< 0.3 have luminosities (−20.5 < MB < −17.5) smaller on average than
the population of local galaxies studied by K92 ( −23 < MB < −17.5), and might present less
extinction (K92 used AV= 1.26).
(ii) they might have metallicities somewhat lower than solar (Z ∼ 0.25Z⊙), which can give larger
[OII]3727/Hβ ratios (and consequently the [OII]/Hα ratios); for example, Z/Z⊙ =0.25 would
increase [OII]3727/Hβ by ∼ 1.8 (compared to Z/Z⊙ =1), assuming hot star temperatures (T > 40
000K, see Rola 1995).
(iii) a large fraction of our z < 0.3 galaxies are low luminosity objects with AGN activity (LINERs,
see CFRS XII).
In view of these results, it is not obvious that K92’s relationship for nearby galaxies can be
extrapolated to higher redshift and, in particular, whether W0(OII) can be used to accurately
estimate star formation rates. This will be discussed in more detail in section 9.
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Fig. 14.— Relationship between [OII] 3727 and Hα equivalent widths for 61 CFRS galaxies
(sample B) with z< 0.3 (full dots: MB < −20, open dots:MB > −20). The dashed line shows
the same relationship for the K92 local galaxies. The lines are derived from the two opposite ends
of the spectrum which could lead to systematic errors in the flux calibration, although equivalent
width measurements are found to be largely independent of the flux calibration.
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5. CONTINUUM PROPERTIES OF GALAXIES TO z = 1
We have made extensive use of the BC93 code with various IMF and star formation scenarios
(single burst, burst of constant duration etc.,). The deficiencies of the code have been recently
discussed by Charlot (1995), who compared it with other codes and found discrepancies as high as
0.05 mag in (B − V ) colors and 0.25 mag in (V −K) color. For all important issues related to the
modelling, we have compared our results with both the BC93 and BC95 codes. The main concern
with these models is that they are based on stellar tracks with solar metallicities for all stellar
ages.
In the following diagrams (Figures 15 and 16), we have classified the CFRS galaxies in
two main categories depending on the [OII] 3727 emission (open circles: W0(OII) = 0A˚; full
circles: W0(OII) > 0A˚). Furthermore, diagrams are plotted for high redshift (0.7 < z < 1.0) and
intermediate redshift (0.5 < z < 0.7 and MB < −20) subsamples. This empirical division has
several advantages: (i) there is considerable evolution displayed by the luminosity function (CFRS
VI) between these two redshift bins (1 mag if assumed to be luminosity evolution); (ii) the most
luminous galaxies (M1µ < −22) show large evolution of their colors and [OII] 3727 properties
between these two redshift bins (section 3.3); (iii) there are an equal number of emission-line
objects in the two redshift categories; (iv) it allows us to investigate the evolution of important
color indices such as D(4000) and Balmer indices relative to emission line properties (section 3.3);
(v) in the low redshift bin, we have a fair representation of the contamination by AGN-like spectra.
5.1. The Balmer/D(4000) index diagram
The D(4000) index is well known to be dependent on both temperature and metallicities (see
Worthey 1994). The BC93 models (with solar metallicity) show that both the D(4000) and Balmer
D(3550-3850) indices increase with age up to ∼0.5 Gyr, but then the Balmer index decreases
due to the increasing fraction of old stars. The Balmer index is also somewhat dependent on
metallicity, but it is mainly age-dependent up to 0.4 Gyr (Bica, Alloin & Schmitt 1994). The
Balmer/D(4000) index diagram is not very sensitive to extinction for the youngest ages, where the
stellar tracks are nearly parallel to the extinction vector. Figure 15a shows the z < 0.7 galaxies
(MB < −20) in such a diagram. Many of the galaxies are fitted reasonably well by the BC93
or BC95 models, especially if effects of extinction (AV of 1 – 2 mag) are included for a number
of the quiescent objects. There are several objects with emission lines which have intermediate
properties between old and young galaxies, including most of the AGN-like objects. They have
either a lower Balmer index and/or a higher D(4000) index than expected from the BC93 model.
These intermediate objects are likely the “normal” galaxies in which star formation takes place in
a relatively old galaxy (> 3 Gyr, see the long dashed line in Figure 15a).
Figure 15b presents the same diagram for the highest redshift galaxies. There are fewer
objects in the red, highly-absorbed part of the diagram, but this might be related to selection bias
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Fig. 15.— Balmer index versus D(4000) index (sample E). (a): for MB < −20 with 0.5 < z <0.7
(full dots: W0(OII) > 0A˚; open dots: W0(OII) = 0). The lines show the tracks (age increasing
from the left to the right) from the population synthesis model of BC93, assuming a single burst
(dotted line), or a burst of 1 Gyr duration (solid line). A simple model of a 10% strength burst
occuring in a 15 Gyr galaxy is also shown for illustration (long dash-dotted line). A model with
extinction for a burst of 1 Gyr duration is shown to illustrate the current extinction vector (solid
line for AV= 2). Basically all the points can be fitted by the BC93 models, or by a combination of
them, assuming extinction AV ≤ 2). Very few points are found on the left side of the dotted line
which empirically delimits the D(4000)-deficient galaxies. (b) Same as (a), for the 95 high redshift
galaxies (MB < −20 with 0.7 < z < 1). Conversely to (a), a significant fraction of galaxies are
found on the left side of the dotted line ( D(4000) deficient galaxies), and cannot be fitted by any
combination of the BC93 or BC95 models with or without extinction. The dashed line shows the
tracks for an instantaneous burst for a metallicity of 1/50 of the solar value (from Bruzual and
Charlot, 1996, dashed line). Models with lower metallicity than solar provide an excellent fit to
the D(4000)-deficient galaxy. (c) Same as (a) with error bars. (d) Same as (b) with error bars.
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Fig. 16.— Balmer index D(3550-3850) versus UV D(3250-3550) index (sample E). (a, left) for
MB < −20 galaxies with 0.5 < z <0.7 (full dots: W0(OII) > 0A˚; open dots: W0(OII) = 0A˚;
circled dots: D(4000)-deficient galaxies). Typical error bars are ±0.03 in logarithmic scale. As
in Figure 15, solid lines show the tracks from the population synthesis model of BC93 (increasing
UV index from young to old stellar population), with various extinctions (AV=0 or 2). Almost
all the points can be fitted well by BC95 models, if one assumes various star formation scenarios
and extinctions. Notice the presence of emission-line galaxies which are redder than the oldest
stellar population, and which could be either strongly-absorbed young burst or a “mini-burst”
occurring in an already-old stellar population (see section 8.3). (b, right) Same as (a), for the
high redshift galaxies ( MB < −20 with 0.7< z < 1). In contrast to what is found in the the
Balmer versus D(4000) diagram (Figure 15b), all the galaxies have their UV properties well fitted
by BC93 models (including with moderate extinctions). The dashed line shows the track for an
instantaneous burst for a metallicity of 1/50 of the solar value (from Bruzual and Charlot, 1996).
No significant difference are found between models with various metallicities, which explains why
D(4000)-deficient galaxies have their UV properties fit well by solar metallicity models.
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against quiescent galaxies at high redshifts (see section 7.1). More significantly, almost ∼ 1/3 of
the emission-line objects have extremely small D(4000) indices with relatively high values for the
Balmer index. These cannot be fitted by BC95 models even with extreme IMFs or star-formation
histories. Even assuming an IMF extremely deficient in normal and low mass stars (i.e. a Salpeter
IMF with lower mass limit 2.5 M⊙ and upper mass limit of 125 M⊙), only marginally helps the
fit. We refer to these objects as “D(4000)-deficient objects” and return to them in Section 6.
5.2. The Balmer-UV diagram
The D(3250-3550) index is mainly sensitive to very young populations since metallic
absorption lines are weak in this wavelength region. Figure 16a shows the relation between the
D(3250-3550) and D(3550-3850) indices for the lower redshift bin. A large fraction of the objects
are fitted by the BC93 models when extinction is included. There are several objects in the top
left of the Figure 16a which deserve special attention, since they simultaneously show emission
lines and a UV color D(3250-3550) redder than that of an old stellar population (see section 8.3).
At z> 0.7, Figure 16b shows that all objects can be fitted by the BC93 models (with relatively
modest amounts of reddening), including the D(4000)-deficient objects.
6. THE D(4000)-DEFICIENT OBJECTS
Initially, we were concerned that the D(4000) deficiency noted in many objects (Section 5.2
above) might be an artifact in our data, but the reality of these features has been confirmed
by inspecting the individual spectra and by looking for possible systematic effects that might
have occurred at high redshifts. No such effects were identified and we believe their D(4000)
deficiencies are real. Moreover the computations of D(4000) indices are not significantly affected
by sky emission lines (section 2.4) and the D(4000)-deficient objects have no peculiar distribution
in the relation between spectral index and restframe colors derived from spectroscopy (Figure 2).
Support for the existence of this population at high redshift is provided by published Keck spectra
(Cowie et al. 1995).
The dashed line in Figure 15b empirically separates these objects from the rest of the sample.
The combined spectrum (Figure 17) of the 23 D(4000)-deficient objects shows relatively strong
Balmer absorption lines (Hδ,Hǫ) indicative of the presence of an A star population. The [OII]
3727 line is often very strong (on average, W0(OII)= 40A˚ at rest), and a significant fraction of
the strongest [OII] 3727 emitters in the sample are D(4000)-deficient objects (Figures 4, 9).
Almost all the D(4000)-deficient objects are fitted by the BC93 models in the Balmer-UV
diagram (Figure 16b) without requiring significant extinction or bimodal stellar populations.
Their UV continua below 3650A˚ is not as blue as expected for a very young population of stars.
If one fits the UV part (from 3100 to 3900A˚) of the spectrum shown in Figure 17 by a single burst
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Fig. 17.— Thick line: average spectrum of the 23 D(4000)-deficient galaxies at z> 0.7. The large
Balmer index, log(D(3550-3850) = 0.22 as well as the Balmer absorption lines (equivalent widths of
Hδ and Hǫ between 3 and 4A˚) indicate the presence of a significant A star population. Thin lines:
fit of the UV part of the average D(4000)-deficient galaxy spectrum by a single burst template
spectrum from BC93 code. The latter fits the continuum well below 3900A˚ while it overestimates
the observed flux by a factor 1.5 above 4000A˚. Other scenarios (constant burst duration, etc.,..)
would not provide a better fit of the whole spectral energy distribution of such objects from 2750
to 4500A˚. The age (0.28 Gyr) indicated by the single burst model, is a low estimate since the
D(4000)-deficient galaxies still show signs of star formation. Residuals (1σ deviation) are shown in
the bottom.
– 37 –
BC95 model, the light above 3900A˚ is overestimated by a significant factor (from 0.3 to 0.5 mag).
Age does not appear to be the dominant factor.
6.1. Comparison to other astronomical objects
Figure 18a shows the location of A, B and F stars, from supergiants (higher Balmer indices)
to dwarfs (from Silva & Cornell 1992), in the Balmer-D(4000) diagram. The presence of an extra
population of A or B stars in D(4000)-deficient galaxies might be indicated by their strong average
Hδ absorption (Figure 17). In the near UV and blue, the D(4000)-deficient object light might
come from a mix of A and B stars without significant contribution of other stellar populations.
This would mean that the predictions from the current population synthesis models are incorrect.
We do not believe that this is the case because: (i) the BC93 models predict very well the
properties of D(4000)-deficient objects below 3900A˚; (ii) even A supergiants have higher D(4000)
indices than the bluest half of the D(4000)-deficient objects. Most of the Silva & Cornell stars
have solar metallicity. However, the arrow shows how an A star would move in the diagram when
the metallicity decreases from solar to 0.08 times the solar value. Among the four Cowie et al.
(1995) spectra of galaxies with 1 < z < 1.2, three lie in the D(4000)-deficient area of our diagram
(labelled as HZG in Figure 18a).
Figure 18b shows the comparison with the BC93 models and globular and open star clusters
from Bica et al. (1994). The Magellanic Cloud young clusters (Y*) have ages from 107 to 5 ×108,
the globular clusters (G*) have ages from 7 to 15 ×109 yr. The young clusters have sub-solar
metallicities while the metallicities of the globulars range from solar to sub-solar (the number
in parenthesis is the logarithm of Z/Z⊙). We have assumed that star clusters follow a single
burst scenario, and demonstrate by an arrow in Figure 18b how the Bica et al. clusters move
from the BC93 model predictions with solar metallicity. For globular clusters, one can easily see
that decreasing metallicity gives a higher Balmer index and a lower D(4000) index. For younger
clusters, all the vectors are in the direction of decreasing the D(4000) index and generally of
increasing the Balmer index. Note that the young clusters (Y2 and Y3, single burst ages from
0.05 to 0.1 Gyr) lie in the same area as D(4000)-deficient objects. It should also be noted that the
clusters have not been corrected for intrinsic extinction. This would move them towards smaller
D(4000) and smaller Balmer indices.
Figures 18a and b demonstrate that other astronomical objects lie in the same region of the
D(4000)-Balmer diagram as the D(4000)-deficient objects, including stars and intermediate/young
metal-deficient star clusters. The general effect of a lower metallicity on a young/intermediate star
population is to increase the Balmer index while decreasing the D(4000) index. However, before
reaching a definite conclusion, one must investigate how BC93 models fit galaxies of various types.
We already know that below z = 0.7 almost all the CFRS galaxies can be fitted by BC93 models
with solar metallicity, sometimes with additional assumptions such as extinction or bimodal burst
scenario (i.e. a second burst in an old galaxy). In Figure 18b one can see that BC93 models fit
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Fig. 18.— (a, left) Balmer versus D(4000) index as in Figure 15, in which we have only included
the 31 z> 0.7 galaxies with a very good agreement between their spectrophotometric and their
photometric colors (better than 0.1 magnitude, see section 2.3). The location of A , B and F dwarf
and supergiant stars are shown for comparison. The arrow shows the effect of decreasing metallicity
from solar value to one tenth of the solar value, for an A star. The location of E+A, S+A and of
the blue compact galaxies is also shown. Added to the fact that solar metallicity globular clusters
are well fitted by the BC93 models, this figure demonstrates that population synthesis models fit
well the properties of young to old galaxies at low to high redshift. HZG symbols show the location
of the four galaxies from Cowie et al. (1995) with a redshift ranging from z = 1 to 1.2. Three of
them are found in the same area as the D(4000)-deficient galaxies which suggests that they share
similar properties. (b, right) Balmer versus D(4000) index for young, intermediate and globular
clusters from Bica et al. (1994). We have assumed that star clusters follow a single burst scenario,
and relate the model to the star cluster by an arrow. The effect of metal deficiency is to decrease
the D(4000) index while increasing the Balmer index. Intermediate age and metallic deficient star
clusters (from the Magellanic clouds) are located on the right of the dotted line, a location that
they share with the D(4000)-deficient galaxies.
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globular clusters well with solar metallicity, and hence, early type galaxies. Figure 18a shows a
comparison between high-z CFRS galaxies and other galaxies, such as the so-called E+A (Dressler
and Gunn, 1983), S+A (Hammer et al. 1995b) and the blue compact galaxies (BCG, Izotov et
al. 1995). The agreement between the BC93 models and the observations is remarkable, the
differences being much smaller than the discrepancy with the D(4000)-deficient objects. Even
the blue compact galaxies which have significant sub-solar metallicities are fitted well. This is
consistent with the fact that at very young ages, the metallicity seems not to affect the color
indices of the star clusters (see cluster Y1 in Figure 18b).
6.2. Comparison to models with low metallicity
Metallicity has two main effects on the continuum properties. Firstly, metals play a crucial
role in radiative transfer (cooling) and decreasing metallicity generally results in a blueing of
the continuum. Secondly, metallic absorption lines can also affect the continuum. Bica & Alloin
(1986), Bica et al. (1994) and Bonatto et al. (1995) have done detailed studies of this from 1200
to 10000A˚ using star clusters. Population synthesis models with metallicities lower than solar have
also been recently developed (see Charlot 1996a for a review). The uncertainties between models
from various authors have been discussed for old stellar populations and young star-forming
galaxies by Charlot et al. (1996) and Charlot (1996a), respectively. They find that predictions
based on broad-band colors such as B − V and V −K can be affected by substantial errors at
low ages (T < 107 yrs), especially because of nebular emission. At intermediate and old ages, the
discrepancies among various models appear less severe.
The dashed lines in Figure 15b show the tracks of an instantaneous burst with a metallicity
Z = 0.02Z⊙, from the very recent model of Bruzual and Charlot (1996, kindly provided by
Stephane Charlot). In the Balmer/D(4000) diagram (Figure 15b), it is a relatively good fit to the
average properties of D(4000)-deficient objects. In the UV/Balmer diagram (Figure 16), the low
metallicity model shows no significant differences from the solar metallicity model.
Additional support for low metallicity of these galaxies comes from Worthey’s (1994)
models. Worthey (1994) estimated that if two stellar populations differ in age and metallicity by
d log(age)/d log(Z) = 1.3, they would present the same D(4000) index. The D(4000)-deficient
galaxies at high z have D(4000) = 1.04 ± 0.19, which would be fitted by a BC93 model of
1Gyr burst with an extremely low age, 7.25×106 years. The average UV index, which is nearly
independent of metallicity, is 1.15 ± 0.18, implying a much older age, 1.2× 109 years. To bring the
ages into agreement, a metallicity of Z/Z⊙ =0.02 would be required, a value in good agreement
with that found from the BC models.
Since the low-metallicity models still require further tests, we adopt a conservative upper limit
for the metallicity of the D(4000) deficients objects, Z/Z⊙ < 0.2, which comes from comparison
with the young clusters in the Magellanic Clouds.
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black: 33 D4000 deficient galaxies
Fig. 19.— Histogram of the redshift distribution of 245 MB < −20 galaxies (sample E:0.35< z <
1, white); 191 emission-line galaxies (shaded); 33 D(4000)-deficient galaxies (black). The latter
represent only a small fraction of the galaxies at z< 0.7, while they represent from 24% to 31% of
the sample beyond z = 0.7.
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6.3. An emergent population of low metallicity objects at high redshift?
From the comparison with intermediate age star clusters and with low metallicity models,
there is considerable evidence that D(4000)-deficient objects are actually metal-deficient objects.
Figure 19 shows the distribution of these objects (MB < −20) against z. While they correspond
to only a few percent of the sample at z < 0.6, D(4000)-deficient objects represent from 1/4 to 1/3
of the galaxy population at z > 0.7.
These galaxies share several properties with most of the other galaxies at high redshift,
including their distribution in restframe luminosity at 1µ (Figure 9). A large fraction of the
z>0.7 galaxies with very small (U − V )AB color indices and large [OII] 3727 luminosities are
D(4000)-deficient objects (Figure 5). The UV properties of D(4000) deficient objects are well fitted
by BC93 models, and most of them lie very near the blue sequence of BC93 stellar tracks (ages
lower than 1 Gyr), with no evidence for extinction. More than half of them have log(D(3550-3850))
> 0.2, implying a significant contribution of A stars. The low metallicities, if truly as low as
indicated, imply that the star formation took place several 108 years previously in an almost
primordial medium.
We have examined available HST images (from the HST archive and from CFRS IX) for
five D(4000)-deficient galaxies: CFRS03.0485, 14.0985, 14.1189, 14.1446 and 14.1496. Two show
well-defined disks and two have a very compact component (one of them is classified as “blue
nucleated” in CFRS IX).
Low metallicities have been reported in most of the damped Lyα systems from z=0.7 to z=3.4
(Smith et al, 1996). Pei and Fall (1995) have shown that selection effects against systems with
high dust obscuration are probably at work in samples of damped Lyα systems. Observed damped
Lyα systems could be the most transparent ones, which raises many interests in comparing their
properties to those of the D(4000) deficient objects.
7. THE QUIESCENT GALAXIES
7.1. Evolution with the redshift
The fraction of luminous quiescent galaxies (MB < −20 and W0(OII) =0) decreases with
redshift from 53% at z = 0.3 to 23% at z>0.5 (Figure 3). Below z = 0.3, luminous quiescent
galaxies likely include E/S0 and a sizeable fraction of later type galaxies (Sa, Sb, etc.,.), assuming
that there is no large difference in the mix of galaxy population relative to the multi-type
luminosity function of Bingelli et al. (1988). Beyond z = 0.5, the fraction of quiescent galaxies
reaches 23% (Figure 3), and is in good agreement with the number of bulge-dominated galaxies (7
E/S0) found in the small subsample of 32 galaxies with z>0.5 observed with HST (CFRS IX). A
careful analysis of the spectra of the CFRS IX galaxies reveals seven quiescent galaxies, including
five bulge-dominated ones. Among the 7 bulge dominated galaxies, only two show faint emission
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lines, the remaining having colors and D(4000) indices typical of old stellar population. This is
consistent with a scenario in which most of the luminous galaxies later than S0 were experiencing
enhanced star formation at z>0.5, while most of the luminous E/S0 were still quiescent. The
apparent absence of red quiescent objects beyond z = 0.8 is likely due to selection effects (see
section 2.4.2) and cannot be simply taken as evidence for evolution of E/S0 galaxies below z = 1.
Figure 7 shows that the quiescent galaxies define the red envelope of galaxies for all color
indices, with the notable exception of the Balmer index D(3550-3850). The red envelope of the
D(4000) and the D(3250-3550) indices decrease with redshift by nearly the same amount, 0.5
magnitude from z = 0.5 to z = 1. However these numbers could be affected by our failure in
detecting the reddest and faintest quiescent galaxies at high redshift.
Figure 20(upper) shows the distribution of the D(4000) index against redshift for 59 quiescent
galaxies with MB < −20 galaxies (among 256 galaxies between z = 0.23 and z = 1 for which
the D(4000) index has been measured). The lines shown are from BC93 models (single burst),
assuming H0 =50, and showing various redshifts of formation. The top two solid lines are for
zf = 20, and show the effect of varying q0 (upper: q0 = 0.1, lower: q0 = 0.5). Assuming H0 =100
would move these curves down, reducing the predicted D(4000) index by a factor 1.1. At all
redshifts, a large fraction (66%) of quiescent galaxies lie well below the top lines, which can be
easily understood if they have experienced star formation events at more recent epochs than z
= 2. A few of them have peculiar emission lines properties and show [OIII] 5007 emission (only
detectable below z = 0.7, see section 8.4).
In view of the good agreement at z>0.5 between the fraction of quiescent galaxies with that of
E/S0, the ∼33% of quiescent galaxies with D(4000) smaller than expected from an instantaneous
burst at zf= 1 are likely associated with galaxies with types later than S0. We notice a possible
color evolution of the quiescent galaxies (W0(OII)=0) between z = 0.5-0.7 and z = 0.7-1. Between
z = 0.7 and z = 1, six of the fourteen galaxies (42%) have restframe (U − V )AB colors bluer than
Sbc while only two out of eighteen with 0.5 < z < 0.7 (11%) are this blue. This confirms that
some of the quiescent galaxies experienced relatively recent star formation prior to z = 1. These
numbers are likely affected by our failure in detecting the reddest and faintest quiescent galaxies
at high redshift.
We have compared the distribution of quiescent objects in the continuum index diagrams
(Figures 15 and 16) in the two redshift bins. At least six z < 0.7 galaxies are redder than the
reddest BC93 stellar tracks in these diagrams, consistent with AV ∼1, but there are no convincing
cases at z> 0.7. This might be an indication of a decrease of the average extinction in quiescent
galaxies at z > 0.7.
It has long been discussed whether the age of high-z ellipticals could be in conflict with
cosmology (Hamilton 1985; Lilly 1988, and references therein). There are 12 quiescent galaxies, all
at z < 0.7, which appear older than predicted by any cosmological models. Among these objects
six appear, from their location in the Balmer/D(4000) and UV/Balmer diagrams (Figures 15 and
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Fig. 20.— (top): Distribution of the D(4000) index against redshift for the 59 MB < −20 quiescent
galaxies with 0.35< z < 1 (full dots: W0(OII) = 0; circled dots: W0(OII) = 0 and W0(OIII) >
0). Less luminous galaxies are represented by open dots. Single burst models from BC93 are drawn
with various redshift of formation (see text), assuming H0 =50. (bottom): Mg2 index against
redshift for 59 quiescent galaxies (z< 0.6) with MB < −20 (same symbols as in top). The lines
show the expectations from the Buzzoni et al. (1992) models for a single burst with Ω =1 and a
zero cosmological constant, for H0 =50 (top) and H0 =100, respectively.
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16), to be likely contaminated by dust. Significant amounts of dust can easily provide sufficient
reddening of the D(4000) index, e.g., an extinction of AV=1 would increase the D(4000) index by a
factor 1.08, which would be enough to account for most of the observed excess. We have carefully
examined the spectra of the remaining objects and find only one convincing case of a galaxy
(CFRS14.1348 at z = 0.613) which shows a significantly higher D(4000) index than predicted by
the usual cosmologies. The other five galaxies have either noisy or contaminated spectra, or have
poor agreement between spectroscopy and photometry. The spectrum of CFRS14.1348 should be
investigated further to see if it really is discordant.
7.2. The Mg2 index versus redshift
The Mg2 index is known to be a very good indicator of metallicity in elliptical galaxies (e.g.,
Buzzoni et al. 1992) and is also dependent on stellar temperature and gravity. The latter author
has calibrated this index as a function of metallicity for a population of coeval stars using a single
stellar population model, assuming a very high redshift for the initial burst. Figure 20 (lower
panel) shows the Mg2 index against redshift for the CFRS galaxies which are apparently early
type (objects as red as local E/S0, defined from the V − I color vs redshift diagram), and an
absence of emission lines ([OII] 3727, [OIII] 4959, 5007). The two solid lines in the diagram show
the Buzzoni et al. (1992) models (for a single burst) for Ω =1 and a zero cosmological constant.
The upper line corresponds to H0 =50 while the bottom one corresponds to H0 =100. It is
interesting to notice that most of the points are found below the H0 =100 line. Other cosmologies
(Ω=Λ=0; Ω=0.1 and Λ=0.9) predict higher Mg2 index and are even less attractive. This result
should be taken with caution since the error bars on Mg2 are large. However, it provides some
support for the suggestion that a large fraction of the quiescent galaxies have experienced bursts
of star formation at more recent epochs than z = 2.
8. PECULIAR OBJECTS
8.1. Blue nucleated galaxies
We investigate here the spectral properties of the sample of 32 CFRS galaxies which have
been observed with HST in Cycle 4 (CFRS IX). In that paper, we found that 30% of the galaxies,
referred to as “blue nucleated galaxies”, are dominated by blue compact components. These
components occur most often in peculiar/asymmetric galaxies. Figure 21 (upper left) shows the
average spectrum of the 10 blue nucleated galaxies. The latter have emission line ratios spanning
the whole range of CFRS emission-line galaxies (see Figure 12b), and none have Seyfert2-like
spectra. They apparently show higher star formation rates than the rest of the CFRS IX sample,
since their average [OII] 3727 luminosity (∼ 3×1041 erg s−1) is twice that of the other emission-line
galaxies. They also include the galaxy with the highest [OII] 3727 luminosity (CFRS14.0972,
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LOII = 1.2 × 10
42 erg s−1) in the subsample. Their UV and UV-B color indices (D(3250-3550)
and D(3550-4150)) are also slightly bluer (by ∼ 0.2 mag) on average than the other galaxies.
8.2. Post-starburst galaxies
We have adopted a similar definition for this category of objects as Zabludoff et al. (1996),
i.e., objects without emission lines but with prominent Balmer absorption lines (average equivalent
width of Hδ, γ, β larger than 5.5A˚). Since our spectral resolution does not allow accurate estimation
of the absorption line equivalent widths, we used the BC93 models to calibrate the Balmer index
with Balmer line strength. We find that objects with log(D(3550-3850)) >0.2 would likely have
equivalent widths of 5-7A˚, for most star formation scenarios. Inspection of Figure 15 shows ten
such objects among 204 galaxies (with MB < −20, defined [OII] 3727 and continuum indices),
corresponding to a fraction of ∼ 5%, higher than that found locally (∼ 0.2%) by Zabludoff et al.
1996. The difference could be a result of the very severe limitation on W0(OII) (< 2.5A˚) set by
Zabludoff et al., since our detection limit is more likely around 5 to 10A˚. There is also a suggestion
of a decrease of the fraction of post-starburst galaxies with redshift, since only one lies at z > 0.7.
8.3. Emission-line galaxies with red UV colors
We were intrigued by the presence of galaxies which have emission lines but with D(3250-3550)
indices indicative of very old stellar populations (see Figure 16). Among 210 galaxies having
z > 0.45 (and with MB < −20, [OII] 3727 and relevant continuum indices defined), there are
23 emission-line galaxies with D(3250-3550) >1.4. This value corresponds to a relatively old
stellar population (age 5 Gyr with BC93 code, or 3 Gyr with BC95 code). This population
can be subdivided by location in the Balmer-D(4000) diagram. One population of galaxies (13
objects) is located on the old stellar tracks (ages ∼ 3-5 Gyr), the 10 remaining galaxies being
distributed along the young stellar track (ages < 1 Gyr). We believe that the first population
could be identified as ellipticals which are experiencing extremely modest bursts (involving <1%
of the mass according to our simulations), while the second one is likely a population of young,
heavily-absorbed galaxies (AV > 2). Figure 21 shows the combined spectrum of these “elliptical
+ mini burst” and “vigorously star-forming, heavily-absorbed” galaxies. The latter objects have
a UV spectrum from 3000 to 3900A˚ similar or redder than that of a 5 Gyr elliptical, while the
red part of their spectra (above 4000A˚) is much bluer than an elliptical. They also often show
Hβ and [OIII] 5007 in their spectra. Young and heavily absorbed galaxies represent 8% of the
MB < −20 galaxy population at z < 0.7, while only one of them lies at z > 0.8. Their apparent
[OII] 3727 luminosities are relatively low (L[OII] < 3× 10
41 erg s−1) consistent with the fact that
high extinction would affect the [OII] 3727 luminosity.
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Fig. 21.— (a, top-left): Average spectrum of the 10 blue nucleated galaxies (BNG) from the CFRS
IX subsample. It shows stronger [OII] 3727 emission than the rest of the sample ((W0(OII) = 40A˚).
(b, top right): Spectrum of CFRS00.1547 which shows [OIII] 4959 and 5007 emission lines, a large
Balmer break but no 4000A˚ break). (c, bottom left): Average spectrum of the 13 galaxies classified
as “elliptical+miniburst” from their continuum and emission line properties (see text). It shows
a nice 4000A˚ break and a moderate [OII] 3727 emission line (W0(OII) = 10A˚). (d, bottom right)
Average spectrum of the 10 galaxies classified as “young heavily-absorbed” from their continuum
and emission line properties (see text). These galaxies have UV properties redder, or as red, as old
stellar populations, while their visible properties are typical of stellar populations younger than 1
Gyr. The average spectrum is almost a straight line from 3000 to 4500A˚ and shows moderately
strong [OII] 3727 emission (W0(OII) = 20A˚). Residuals (1σ deviation) are shown in the bottom of
each panel.
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8.4. Galaxies with peculiar emission lines.
We have looked for objects having [OIII] 5007 lines but no [OII] 3727 lines. We identify six
such objects after a careful analysis of their spectra. Figure 21 (upper right) shows the spectrum
of CFRS00.1547 which is a good example. The six galaxies have redshifts ranging from z = 0.2
to z = 0.6 and are relatively luminous (MB ∼ −20.5). For the two lowest redshift objects, we
have detected a prominent Hα line, while all of them have Hβ in absorption. HII regions in these
objects might be heavily affected by extinction, while the continuum and the Hβ absorption line
indicate that these galaxies have experienced strong starbursts in the recent past (few tenths of
Gyr). An interesting possibility is thus that most of the gas might have been consumed in this
burst and the volume of gas available for ionization is much smaller than the volume that the OB
associations are capable of ionizing (see e.g., McCall et al. 1985). Another alternative might be
that these objects are related to AGNs.
9. DISCUSSION
The most obvious interpretation of the evolution of the properties of CFRS galaxies from z =
0.2 to z = 1 (section 3.3) is in terms of a global increase with redshift of the star formation rate
in disk galaxies. Such a scenario would account for the evolution of the [OII] 3727 emission line
properties as well as for the “blueing” of the most luminous emission-line galaxies beyond z = 0.5.
An interesting question raised by Cowie et al. (1995) is to estimate what fraction of
present-day stars have been formed since z = 1, based on the observed [OII] 3727 luminosity
densities. Star formation rates have been calibrated by K92 from a sample of local galaxies
covering the full range of morphological type observed (from Sa to Irr). Assuming that the
K92 calibration of the SFR is valid for all MB < −18.5 CFRS galaxies at all redshifts, we then
compute, for an age of the Universe of 13 Gyr (H0=50 and q0=0.5), that the stellar mass formed
between 0 ≤ z ≤ 1 would be 3.87 ×108M⊙ and this would exceed the present day stellar mass
(Figure 6), assumed to be 3× 108h50M⊙ per Mpc
−3 (Cowie et al. 1996; Glazebrook et al. 1995).
This is clearly unacceptable: there are many “old” galaxies at z ∼ 1 (see section 7) and there are
many star-forming galaxies beyond z = 1 (this paper, Cowie et al. 1995, Steidel et al. 1996). One
of the assumptions must be wrong. As discussed in CFRS XIII, the cosmological uncertainties
involving volume elements and cosmological timescales more or less cancel out for an assumed
total age of the Universe, so changing the cosmological parameters is an unattractive solution (a
value of H0 = 62 and q0 = 0.1 would slightly reduce the production of present day stars to 3.3
×108M⊙). There is a good agreement between Cowie et al. (1996) and Glazebrook et al. (1995)
in their estimation of the (local) cumulative luminosity density in K (they find 2.5× 108h50L⊙ per
Mpc−3 and 3 × 108h50L⊙ per Mpc
−3, respectively). And the current models of galaxy spectra
predict a mass to infrared ratio very close to the unity and almost insensitive to the galaxy color
and type (Charlot, 1996b).
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Two of the most likely possibilities that might affect the [OII] 3727 luminosity–SFR
relationship at high redshifts are differing IMFs or evolving metallicities. If the IMF were richer
in massive stars in higher redshift galaxies then, for the same amount of UV luminosity density
(or [OII] 3727 luminosity density), they would produce fewer long-lived stars. In this case the
most luminous galaxies at 1µ would not necessarily be associated with the most massive galaxies
since the near-IR light could be still dominated by short-lived stars. The compact narrow
emission-line galaxies described by Guzman et al. (1996) might be examples, since they are
luminous but evidently not massive. It should be remembered that the IMF required to fit the
spectrophotometric properties of local disks is estimated to be rather rich in massive stars, likely
following a Salpeter law rather than a Scalo law (Kennicutt et al. 1994). To explain the observed
properties of CFRS galaxies, a rather extreme IMF at high redshifts would be required.
Alternatively an evolution in the average metallicities of the stars and in the degree of
dust extinction could change the [OII] 3727–SFR relation. We have seen how our data suggest
that the metallicities of some of the most luminous galaxies in [OII] 3727 at high redshift may
be substantially lower than observed in luminous galaxies today, and the attendant effects,
particularly on dust absorption, may contribute to many of the observed phenomena. We have
analysed the effects of metallicity on the continuum indices by comparing the BC95 model to one
with extremely low metallicity (Z = 0.02Z⊙, Bruzual & Charlot 1996). Rest-frame (U − V )AB
colors are much smaller at lower metallicities (from 0.5 to 1 mag for ages larger than 5 × 108
years). For some spectral indices but not all, lower metallicities correspond to bluer indices at
all ages. This effect can easily reach several tenths of magnitude for the D(4000) and D(41-50)
indices. For only one index, the Balmer index D(3550-3850), the decreasing metallicity slightly
reddens the continuum. On the other hand, metallicity has almost no effect for the near UV index,
D(3250-3550), for any age. A decrease of the metallicity with the redshift appears to be grossly
consistent with the reported redshift evolution of the colors. An increase of the fraction of galaxies
with lower metallicities than solar values would also account for the increasing dispersion of the
relation between D(4000) index and W0(OII) or [OII] 3727 luminosity (Figure 9).
We also detect a significant population of galaxies at high redshift (1/3 of the sample z>0.7)
with indications of low metal abundances (Z/Z⊙ < 0.2), which could be almost transparent
galaxies, with absorption even lower than the average value of present-day irregular galaxies
(section 6.3). At z > 0.7, the restframe (U − V )AB colors of the most luminous emission-line
galaxies (M1µ < −22) shift towards those of irregular galaxies. It appears that the metal-deficient
population of galaxies at high redshift may represent the extreme cases of a general decrease of
the metallicity and absorption in emission-line galaxies from z = 0.4 to z = 1.
Lower average intrinsic absorption and metallicities in the past seem to provide a natural
explanation of the apparent over-production of long-lived stars. A decrease of the absorption from
the value (AV=1.26) adopted by K92 for “normal” local galaxies, closer to the Gallagher et al.
(1989) value (AV=0.57) for local irregulars, would increase the apparent luminosity densities at
2800A˚ and in the [OII] 3727 emission line at high redshift by a factor 3.8 and > 2.8 respectively,
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compared to observed increases of factors of about 15 and 11 respectively. Locally it has been
widely assumed (see Gallego et al. 1995) that galaxies have average properties similar to those
in the K92 sample, which span the whole range of morphological types from Irr to Sa. From a
sample of irregular galaxies, Gallagher et al. (1989) find a calibration of the star formation rate 5
times lower than K92 (for the same [OII] 3727 luminosity). Approximately 60% of the difference
is due to the lower average extinction found in the Gallagher et al. sample, and K92 quote that
25% is related to the different IMF used in the two studies. The effects of IMF and extinction
may in fact be related: in a recent study of star clusters von Hippel et al. (1996) find that, with
decreasing metallicities, the stellar luminosity function extends further towards the brighter end.
In summary, there seems to be good evidence that the average metallicity of galaxies was
considerably lower at higher redshifts, that the intrinsic absorption was also much lower, and that
the combination of these can contribute to much of the evolution observed in the CFRS spectra.
An important test of this idea will be to measure the mid- and far-infrared luminosities of these
high redshift galaxies.
As a simple demonstrative model, we assume that the physical conditions (opacity, metallicity
and IMF) which govern the SFR calibration are linked to a single parameter, the restframe
(U − V )AB color. Lower values for the latter are likely associated with higher values of the birth
rate parameter and to higher opacities and metallicities, as in present-day irregular galaxies.
We further assume the Gallagher et al. [OII] 3727–SFR calibration for galaxies having colors
of irregulars ((U − V )AB = 0.5) and the K92 SFR calibration for galaxies with colors of Sbc
((U − V )AB = 1.3), the latter having average colors of the K92 sample. For other galaxies, these
two points allow us to interpolate the SFR calibration, following the formula:
SFR =L[OII] * 5 ×10
−41 * 100.559∗((U−V )AB−1.3)
Figure 22 shows the predicted evolution of the SFR density vs lookback time (scaled in units
of the present age of the Universe). The SFR density shows little evolution from z = 0 to z =
0.375 (lookback time 38% of the age of the Universe), and then strongly increases towards larger
lookback times. In this model, the fraction of present-day stars formed since z = 1 (75%) happens
to be slightly higher than the elapsed fraction (66%) of the age of the Universe. This suggests
that the overall SFR rate should show a turnover not far beyond our present limit at z ∼1. In this
context it is worth noting the relatively low levels in the overall SFR found at z∼3.2 by Steidel
et al. (1996). The average absorption (AV ) would have decreased by ∼0.6 mag (50%) from z =
0 to z = 0.85. At low redshifts (z < 0.5), the [OII] 3727 luminosity density is dominated by less
massive galaxies, while its increase beyond z = 0.5 is essentially due to the increasing contribution
of luminous galaxies due to both increased star formation and decreased dust opacities. At z >0.7,
a significant fraction of galaxies would have only recently formed their first generation of stars,
and would have significantly lower metallicity and absorption than present-day galaxies.
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Fig. 22.— Star formation history predicted by our simple model in which we assume that the
physical properties (opacity, metallicity and IMF) of galaxies at all redshift depend on the restframe
(U−V )AB color as they do in the local Universe. Full dots represent the prediction from the models,
the dots at lookback-times 0% and 87% (z = 3.2) of the present age of the Universe are from Gallego
et al. (1995) and Steidel et al. (1996). Open circles represent the same values, if no evolution of
the physical properties has occurred from z = 0 to z = 1. The latter values would produce more
long-lived stars since z = 1, than observed locally.
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Continuum luminosities might be also affected by a reduction of the absorption at higher
redshift. Locally, de Vaucouleurs (1995) quotes AV∼1 for the average intrinsic absorption of a
local Sbc galaxy. A change in average absorption of AV by 0.6 magnitudes would, on its own,
double the luminosity density at B, and thus account for about a half of the observed increase in
overall luminosity density that was reported in CFRS XIII, reducing the exponents α by about 1.
It should also play a role in the evolution of the B luminosity function as well as in the observed
disk brightening, especially beyond z = 0.7 (expected effect as high as 0.9 mag).
10. CONCLUSIONS
The main spectrophotometric properties of the CFRS sample of field galaxies and the
evolution of these properties can be briefly summarized as follows:
– there is strong change in the comoving luminosity density of [OII] 3727 by a factor 8.3±4.3 from
z = 0.375 to z = 0.85, but relatively modest changes in the restframe equivalent widths W0[OII]
and the D(4000) breaks exhibited by individual galaxies, and essentially no evolution in purely
ultraviolet colors.
– a large fraction of emission-line galaxies (40%) contain a substantial population of A stars
indicating that the star-formation is proceeding in a sustained fashion.
– there is a significant fraction of emission-line galaxies at high redshifts (25 to 30% at z> 0.7)
with very small D(4000) indices, suggesting metallicities much lower than solar values ( Z/Z⊙ <
0.2), in which the star formation may have started several 108 years previously in an almost
primordial medium.
– the ionization parameters of HII regions in these galaxies were generally higher at higher
redshifts.
There are several reasons to believe that emission-line galaxies are more transparent at higher
redshift. At z> 0.7, the colors of the emission-line galaxies which are luminous at 1µ move closer to
those of local irregulars, and the contribution of these galaxies to the [OII] 3727 luminosity density
becomes important. We also observe a significant increase of the ionization parameter of HII
regions and in addition, a population of galaxies with small 4000 A˚ breaks, the D(4000)-deficient
objects, appears at z > 0.7. These likely have low metallicities.
It appears that the local Kennicutt (1992) relationship for the calibration of the SFR in terms
of the [OII] 3727 luminosity cannot be used directly at high redshifts. Not least, it leads to a
serious over-production of stars relative to those seen locally. We suggest that effects concerned
with the evolution of metallicity and intrinsic absorption of galaxies must be taken into account.
The evolution of the internal obscuration between the hot stars and gas in HII regions may also
be a factor in the evolution of the strength of [OII] 3727 and might be the source of the evolution
of emission-line properties in HII galaxies (section 4.3). Such effects may also contribute to the
observed brightening of disk galaxies (CFRS IX). Changes in the opacity/metal abundance in
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galaxies may be also related to changes of the IMF, and a steepening of the latter in the past may
also contribute to solve the star over-production problem.
A simple, single parameter, model can be used to demonstrate how the calibration of the [OII]
3727—SFR relation might change with epoch, and what effect this would have on conclusions
drawn from the galaxies in the CFRS sample. In this model the calibration between [OII] 3727
luminosity and star-formation rate is assumed to depend only on the observed restframe (U-V)
color. This model broadly accounts for most of the observed changes with the redshift of the
spectrophotometric properties seen in individual CFRS galaxies, and can account for about a half
of the increase that is observed in the 2800A˚ and [OII] 3727 comoving luminosity densities, in the
luminosity function of blue galaxies and in the characteristic surface brightnesses of disks at high
redshift.
The indication of low metal abundances in a significant fraction of z>0.7 field galaxies could
be consistent with the very low abundances found in the damped Lyα systems from z = 0.7 to z
= 3.4 (Smith et al. 1996), as well as with the weakness of the absorption features in the spectra of
z>3 galaxies identified by Steidel et al. (1996).
In the future, detailed fits of the galaxy spectra from UV to 1 micron will be made to examine
the effects of reddening. Measurements of the Hα line redshifted into the near IR and scheduled
ISO observations of the CFRS fields will provide invaluable results about the evolution of dust
properties in field galaxies up to z = 1. In addition, spectroscopic observations of CFRS galaxies
beyond 8500A˚ will bring several emission lines into the spectroscopic window that will enable
the evolution of the properties of HII regions to be followed to higher redshifts. Analysis of HST
images of a large sample of CFRS galaxies will also provide new tests on the conditions (merging,
distribution of HII regions, dust etc...) which drive the star formation in z <1 galaxies.
This paper has benefitted from many interactions with many colleagues. Special thanks
to S. Charlot (and to G. Bruzual) who have shared with us unpublished results of their most
up-to-date GISSEL code. Thanks also to D. Alloin, P. Jablonka and E. Bica who have allowed
us to use their library of star clusters. D. Pelat has introduced us to the use of the MEASURE
code. M. Serote has provided a library of star spectra. Many interactive discussions with most of
the above-mentioned people should be acknowledged as well as with G. Stasinska, C. Leitherer,
and P. Vettolani, who has also kindly calculated for us the fraction of bright emission line galaxies
with significant star formation in the ESP sample. This paper has benefitted a lot from the
comments and suggestions of an anonymous referee. We thank the directors of the CFHT and the
two allocation time committees (CFGT and CTAC) for their support of the CFRS project. SJL,
GM-O and DJS researches are supported by the NSERC of Canada and we acknowledge travel
support from NATO and from the project ECOS/CONICYT C92U02.
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Table 2. Sample and sub-samples used in the paper
Sample object number subsample of criterion
A 591 CFRS galaxies, 0 < z < 1.4
B 410 A |(V − I)PHOTO − (V − I)SPECTRO| < 0.4 mag
C 272 B MB < -20 galaxies and [OII] 3727 measurable
D 212 C W0(OII) > 0
E 232 C 0.35<z< 1 (and D(3550-4150 measurable)
F 132 A M1µ < -22 and [OII] 3727 measurable
G 83 A -22< M1µ < -21 and [OII] 3727 measurable
H 162 A [OII] 3727, [OIII] 5007 and D(3550-3850) measurable
I 102 H W0(OII) > 0 and W0(OIII) > 0
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Table 3. Comoving statistical properties of W0(OII) > 15A galaxies
M range z range N objects median W0(OII) mean W0(OII) σ
MB < −21 0.40-0.60 10 32.5 33 13.23
MB < −21 0.60-0.75 12 31 31.9 14.01
MB < −21 0.75-0.875 11 34 39.3 19.61
MB < −21 0.875-1.00 21 38 40.9 18.37
MB < −21 1.00-1.11 10 32.5 41.4 18.37
−21 < MB < −20 0.40-0.60 21 32.5 37 20.14
−21 < MB < −20 0.60-0.75 31 32.5 32.2 13.74
−21 < MB < −20 0.75-0.875 18 32 36.3 16.53
−21 < MB < −20 0.875-1.00 5 36 28.7 3.1
M1µ < −22 0.40-0.60 6 30 28.8 9.58
M1µ < −22 0.60-0.75 10 25 29.9 15.84
M1µ < −22 0.75-0.875 10 27.5 27.3 8.82
M1µ < −22 0.875-1.00 14 40 43.3 18.42
M1µ < −22 1.00-1.11 7 33.5 45.7 20.67
−22 < M1µ < −21 0.40-0.60 19 32.5 35.5 18.38
−22 < M1µ < −21 0.60-0.75 21 32.5 33.2 14.26
−22 < M1µ < −21 0.75-0.875 11 32.5 38.2 16.8
−22 < M1µ < −21 0.875-1.00 2 31 31.3 -
Table 4. Comoving densities of [OII] 3727 luminosity (H0=50)
Redshift range directly observed corrected for incompletness (MB <-18.5 galaxies)
1039ergs−1Mpc−3 1039ergs−1Mpc−3
q0=0.5 q0=0.1 q0=0.5 q0=0.1
0.25-0.50 0.43 ±0.07 0.38 ±0.06 0.43 ±0.07 0.38 ±0.06
0.50-0.75 0.91 ±0.15 0.77 ±0.12 1.44 ±0.42 0.86 ±0.34
0.75-1.00 1.32 ±0.23 1.08 ±0.18 3.61 ±2.10 2.36 ± 1.3
1.00-1.25 0.65 ±0.11 0.5 ±0.09
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TABLE 1
Photometry, spectral indices and emission line measurements (sample B)
CFRS z KAB MB M1µ D3235(1σ) D3538(1σ) D4000(1σ) D4151(1σ) Mg2(1σ) OII(1σ) W(OII)(1σ) OIII(1σ) W(OIII)(1σ) W(Hβ)(1σ) W(Hα)(1σ)
0.0012 0.2910 20.54 -18.12 -19.89 99.000( 0.000) 99.000( 0.000) 1.599( 0.124) 0.479( 0.073) 0.025( 0.074) 0.( 9.8) 0.( 41.0) 0.( 10.2) 0.( 3.5) 0.( 2.8) 39.( 3.8)
0.0026 0.7619 20.10 -21.45 -22.59 1.327( 0.079) 1.824( 0.212) 1.187( 0.069) 99.000( 0.000) 99.000( 0.000) 114.( 14.5) 23.( 3.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
0.0041 0.2491 17.90 -19.89 -22.01 99.000( 0.000) 99.000( 0.000) 2.031( 0.140) 0.953( 0.069) 0.220( 0.068) 0.( 132.0) 0.( 23.0) 0.( 84.0) 0.( 4.8) -4.( 4.4) 0.( 1.7)
0.0121 0.3000 20.53 -19.71 -20.49 99.000( 0.000) 1.311( 0.167) 1.049( 0.066) 0.313( 0.072) 0.243( 0.109) 370.( 42.7) 72.( 10.7) 1274.( 40.8) 152.( 8.2) 15.( 3.1) 253.( 16.0)
0.0124 0.2895 18.56 -20.34 -21.92 99.000( 0.000) 99.000( 0.000) 1.412( 0.091) 0.490( 0.070) 0.015( 0.077) 63.( 4.4) 8.( 1.0) 0.( 22.2) 0.( 1.6) 0.( 1.7) 51.( 12.2)
0.0137 0.9512 19.87 -22.22 -23.36 0.995( 0.054) 1.216( 0.145) 0.943( 0.057) 99.000( 0.000) 99.000( 0.000) 2218.( 66.0) 180.( 9.7) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
0.0148 0.2691 18.50 -19.35 -21.37 99.000( 0.000) 1.046( 0.186) 3.870( 0.323) 0.608( 0.074) -0.110( 0.089) 0.( 47.6) 0.( 73.0) 0.( 38.4) 0.( 11.3) 0.( 11.0) 74.( 12.6)
0.0159 0.0866 19.79 -17.33 -18.36 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 0.107( 0.094) 9999.( 0.0) 9999.( 0.0) 110.( 8.2) 18.( 1.3) 0.( 4.7) 34.( 1.6)
0.0174 0.7847 20.84 -20.83 -21.92 1.756( 0.112) 1.742( 0.215) 1.288( 0.079) 99.000( 0.000) 99.000( 0.000) 109.( 10.6) 82.( 9.4) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
0.0229 0.2466 19.56 -19.02 -20.52 99.000( 0.000) 99.000( 0.000) 2.727( 0.196) 0.757( 0.072) 0.191( 0.074) 0.( 20.0) 0.( 12.0) 0.( 17.5) 0.( 2.0) -2.( 0.7) 0.( 16.9)
0.0308 0.9703 20.85 -21.07 -22.43 1.029( 0.066) 1.565( 0.207) 1.519( 0.101) 99.000( 0.000) 99.000( 0.000) 77.( 47.0) 79.( 20.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
0.0351 0.2279 99.99 -18.00 99.99 99.000( 0.000) 99.000( 0.000) 1.212( 0.081) 0.154( 0.079) 0.156( 0.097) 61.( 15.0) 62.( 26.6) 73.( 10.2) 32.( 5.1) 30.( 5.0) 68.( 6.1)
0.0440 1.1012 21.06 -21.94 -22.56 1.134( 0.070) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 848.( 104.0) 71.( 9.8) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
0.0499 0.2281 18.44 -19.18 -21.31 99.000( 0.000) 99.000( 0.000) 2.043( 0.160) 0.877( 0.074) 0.221( 0.082) 0.( 26.3) 0.( 12.0) 208.( 15.3) 18.( 1.4) 0.( 3.6) 39.( 6.3)
0.0525 0.4987 19.73 -21.35 -22.30 1.285( 0.081) 1.475( 0.180) 1.262( 0.077) 0.242( 0.067) 0.131( 0.063) 226.( 5.3) 58.( 1.9) 164.( 6.9) 20.( 0.9) 16.( 0.8) 9999.( 0.0)
0.0564 0.6105 20.60 -20.05 -21.59 1.401( 0.093) 1.568( 0.194) 1.653( 0.102) 0.305( 0.063) 99.000( 0.000) 36.( 3.2) 26.( 2.5) 35.( 17.0) 9.( 4.5) 9.( 7.2) 9999.( 0.0)
0.0585 0.4277 19.43 -21.00 -22.02 1.295( 0.084) 1.790( 0.227) 1.444( 0.092) 0.376( 0.066) 0.035( 0.081) 107.( 14.7) 26.( 4.3) 124.( 15.7) 10.( 1.7) 3.( 1.0) 9999.( 0.0)
0.0699 0.0878 20.33 -16.64 -18.11 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 0.767( 0.077) 0.060( 0.091) 9999.( 0.0) 9999.( 0.0) 0.( 3.8) 0.( 0.4) 0.( 3.3) 9.( 0.8)
0.0852 0.2690 18.81 -20.45 -21.63 99.000( 0.000) 1.514( 0.198) 1.316( 0.086) 0.414( 0.068) 0.116( 0.076) 96.( 13.1) 11.( 1.8) 66.( 18.6) 3.( 1.0) 3.( 2.7) 53.( 10.0)
0.0861 0.2710 17.16 -20.99 -22.95 99.000( 0.000) 99.000( 0.000) 2.362( 0.159) 0.924( 0.070) 0.225( 0.082) 0.( 19.3) 0.( 26.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9.( 1.7)
0.0874 0.7119 21.12 -20.27 -21.40 1.015( 0.068) 1.835( 0.238) 1.560( 0.101) 99.000( 0.000) 99.000( 0.000) 28.( 5.0) 34.( 6.6) 9999.( 0.0) 9999.( 0.0) 0.( 10.0) 9999.( 0.0)
0.0940 0.2689 18.49 -20.23 -21.82 99.000( 0.000) 1.954( 0.259) 1.504( 0.100) 0.587( 0.069) 0.156( 0.063) 0.( 10.0) 0.( 11.5) 49.( 48.6) 3.( 3.0) -4.( 4.1) 30.( 12.7)
0.0955 0.4958 21.10 -19.58 -20.58 1.253( 0.086) 1.006( 0.135) 1.283( 0.086) 0.000( 0.076) -0.137( 0.109) 149.( 12.4) 72.( 7.7) 150.( 22.9) 55.( 14.4) 31.( 19.9) 9999.( 0.0)
0.1013 0.2445 19.89 -19.34 -20.42 99.000( 0.000) 99.000( 0.000) 1.220( 0.084) 0.429( 0.077) -0.009( 0.088) 151.( 50.6) 23.( 14.0) 200.( 11.5) 20.( 1.2) 5.( 5.2) 67.( 20.5)
0.1057 0.2440 99.99 -17.86 99.99 99.000( 0.000) 99.000( 0.000) 0.989( 0.073) 0.737( 0.079) 0.066( 0.085) 54.( 7.6) 57.( 10.0) 81.( 9.9) 36.( 5.8) -9.( 9.3) 49.( 20.6)
0.1115 0.8087 99.99 -21.64 99.99 1.243( 0.077) 1.779( 0.225) 1.127( 0.071) 99.000( 0.000) 99.000( 0.000) 88.( 12.0) 36.( 7.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
0.1175 0.6390 99.99 -20.75 99.99 1.462( 0.087) 1.462( 0.175) 1.530( 0.092) 0.278( 0.064) 99.000( 0.000) 132.( 22.3) 57.( 15.7) 125.( 19.1) 21.( 3.8) 9.( 3.1) 9999.( 0.0)
0.1193 0.0222 99.99 -14.37 99.99 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 0.052( 0.075) 9999.( 0.0) 9999.( 0.0) 92.( 40.0) 13.( 6.0) 9999.( 0.0) 78.( 17.0)
0.1203 0.2467 99.99 -18.20 99.99 99.000( 0.000) 99.000( 0.000) 0.919( 0.066) 0.259( 0.073) 0.084( 0.069) 44.( 14.7) 20.( 7.7) 55.( 20.6) 19.( 9.0) 6.( 3.0) 51.( 6.1)
0.1265 0.3118 99.99 -19.19 99.99 99.000( 0.000) 1.720( 0.230) 2.049( 0.135) 0.859( 0.070) 0.072( 0.071) 0.( 8.5) 0.( 15.2) 0.( 12.4) 0.( 6.0) -11.( 4.6) 9999.( 0.0)
0.1276 0.1980 99.99 -20.24 99.99 99.000( 0.000) 99.000( 0.000) 2.445( 0.178) 0.940( 0.072) 0.196( 0.054) 43.( 21.2) 7.( 3.2) 0.( 56.0) 0.( 2.8) -6.( 1.0) -3.( 0.5)
0.1351 1.0046 20.85 -21.39 -22.53 1.002( 0.076) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 52.( 51.9) 50.( 50.3) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
0.1382 0.3970 19.33 -19.78 -21.70 1.942( 0.219) 1.881( 0.269) 2.171( 0.149) 0.711( 0.068) 0.064( 0.078) 0.( 3.8) 0.( 9.1) 33.( 11.0) 7.( 2.4) 0.( 2.7) 9999.( 0.0)
0.1419 0.5807 20.55 -20.61 -21.51 1.219( 0.075) 1.726( 0.210) 1.324( 0.080) 0.146( 0.067) 99.000( 0.000) 97.( 29.0) 37.( 14.2) 180.( 32.2) 36.( 9.4) 5.( 5.3) 9999.( 0.0)
0.1547 0.4603 20.34 -20.59 -21.70 1.050( 0.069) 1.666( 0.208) 1.248( 0.078) 0.349( 0.068) 0.180( 0.078) 0.( 22.7) 0.( 6.7) 198.( 27.5) 22.( 2.6) -7.( 2.5) 9999.( 0.0)
0.1579 0.8109 21.91 -20.58 -21.33 1.313( 0.097) 1.389( 0.179) 1.341( 0.085) 99.000( 0.000) 99.000( 0.000) 47.( 5.7) 60.( 10.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
0.1608 0.2690 17.93 -20.06 -22.02 99.000( 0.000) 2.451( 0.389) 1.405( 0.106) 1.265( 0.074) 0.240( 0.081) 120.( 120.4) 123.( 123.4) 0.( 28.0) 0.( 7.3) 0.( 8.8) 9.( 9.3)
0.1624 0.5750 19.42 -20.71 -22.58 1.471( 0.113) 1.550( 0.195) 1.623( 0.101) 0.802( 0.066) 0.315( 0.080) 0.( 8.0) 0.( 2.0) 76.( 18.2) 10.( 2.3) 0.( 2.6) 9999.( 0.0)
0.1649 0.2725 20.47 -19.00 -20.07 99.000( 0.000) 99.000( 0.000) 1.455( 0.105) 0.354( 0.073) 0.217( 0.082) 163.( 26.0) 66.( 17.6) 121.( 38.2) 19.( 5.5) 0.( 9.2) 77.( 4.9)
0.1725 0.5120 19.85 -20.32 -21.93 1.730( 0.134) 1.556( 0.200) 1.855( 0.119) 0.808( 0.067) 0.204( 0.076) 0.( 26.4) 0.( 18.1) 36.( 2.8) 5.( 0.4) -6.( 1.6) 9999.( 0.0)
0.1726 0.2974 19.46 -20.38 -21.35 99.000( 0.000) 1.371( 0.187) 1.458( 0.098) 0.345( 0.070) 0.022( 0.077) 174.( 84.1) 38.( 21.5) 71.( 11.0) 7.( 1.2) 0.( 4.9) 40.( 18.9)
0.1745 0.7562 20.29 -20.96 -22.40 1.407( 0.083) 1.625( 0.198) 1.443( 0.089) 99.000( 0.000) 99.000( 0.000) 46.( 19.0) 28.( 13.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
0.1825 1.0390 99.99 -21.80 99.99 2.240( 0.192) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 81.( 15.0) 62.( 15.2) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
0.1903 0.2281 99.99 -17.56 99.99 99.000( 0.000) 99.000( 0.000) 1.031( 0.089) 0.102( 0.076) 0.076( 0.099) 0.( 37.3) 0.( 20.0) 44.( 6.2) 31.( 6.6) 8.( 7.8) 36.( 5.3)
3.0075 0.5100 20.65 -19.56 -21.12 1.898( 0.135) 1.327( 0.171) 1.854( 0.121) 0.774( 0.066) 0.095( 0.068) 0.( 5.6) 0.( 8.6) 0.( 12.9) 0.( 3.1) 0.( 3.4) 9999.( 0.0)
3.0085 0.6100 20.76 -20.26 -21.40 1.141( 0.083) 2.018( 0.252) 1.570( 0.097) 0.195( 0.069) 99.000( 0.000) 101.( 5.2) 73.( 4.7) 92.( 14.8) 23.( 3.8) 13.( 4.4) 9999.( 0.0)
3.0087 0.2170 20.37 -17.12 -19.26 99.000( 0.000) 99.000( 0.000) 1.676( 0.223) 0.851( 0.099) 0.268( 0.098) 9999.( 0.0) 9999.( 0.0) 0.( 7.6) 0.( 17.7) 0.( 17.7) 41.( 20.1)
3.0096 0.2173 99.99 -17.24 99.99 99.000( 0.000) 99.000( 0.000) 1.248( 0.094) 0.245( 0.077) 0.191( 0.086) 25.( 5.4) 24.( 5.5) 123.( 5.4) 77.( 4.6) 13.( 2.3) 62.( 5.3)
3.0098 0.5010 20.61 -20.03 -21.41 1.294( 0.091) 1.836( 0.239) 1.623( 0.106) 0.641( 0.066) 0.069( 0.074) 29.( 12.2) 21.( 11.4) 40.( 39.7) 8.( 7.7) -12.( 3.1) 9999.( 0.0)
3.0131 0.6510 19.19 -21.28 -23.11 1.578( 0.100) 1.455( 0.173) 1.954( 0.117) 0.734( 0.063) 99.000( 0.000) 0.( 9.6) 0.( 7.7) 0.( 12.3) 0.( 6.7) -7.( 0.6) 9999.( 0.0)
3.0133 1.0480 21.45 -21.35 -22.04 1.317( 0.109) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 91.( -12.8) 133.( 32.8) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
3.0138 0.4780 18.32 -21.20 -23.18 1.303( 0.089) 1.590( 0.195) 2.031( 0.125) 0.907( 0.065) 0.132( 0.067) 0.( 14.2) 0.( 13.5) 0.( 35.2) 0.( 1.8) -10.( 0.5) 9999.( 0.0)
3.0145 0.6052 20.94 -20.80 -21.65 1.137( 0.073) 1.576( 0.194) 1.357( 0.084) 0.220( 0.069) -0.147( 0.118) 151.( 11.2) 59.( 6.8) 356.( 91.4) 64.( 23.6) 12.( 11.7) 9999.( 0.0)
3.0165 0.1770 19.44 -19.50 -20.43 99.000( 0.000) 99.000( 0.000) 1.012( 0.068) 0.311( 0.074) 0.134( 0.077) 835.( 30.3) 60.( 2.6) 1200.( 35.4) 59.( 2.1) 15.( 1.4) 79.( 2.8)
3.0167 0.6020 19.00 -21.49 -23.15 1.337( 0.081) 1.609( 0.189) 1.580( 0.093) 0.364( 0.063) 0.243( 0.059) 82.( 10.9) 16.( 2.3) 0.( 66.5) 0.( 4.4) -3.( 3.3) 9999.( 0.0)
3.0174 0.5255 20.42 -19.43 -21.27 1.677( 0.150) 1.131( 0.157) 2.087( 0.143) 0.627( 0.077) 0.237( 0.091) 7.( 1.9) 15.( 4.6) 0.( 15.8) 0.( 9.9) 0.( 7.4) 9999.( 0.0)
3.0176 0.4975 99.99 -20.53 99.99 99.000( 0.000) 99.000( 0.000) 1.976( 0.126) 0.729( 0.067) 0.169( 0.077) 23.( 4.2) 22.( 4.1) 9998.( 0.0) 9998.( 0.0) 9998.( 0.0) 9999.( 0.0)
3.0218 0.6478 18.34 -21.72 -23.81 1.465( 0.097) 1.784( 0.210) 2.144( 0.126) 0.718( 0.065) 99.000( 0.000) 0.( 6.9) 0.( 3.0) 9998.( 0.0) 9998.( 0.0) -9.( 1.6) 9999.( 0.0)
3.0241 0.2896 22.10 -18.48 -19.88 99.000( 0.000) 1.464( 0.225) 1.367( 0.103) 0.248( 0.074) 0.145( 0.081) 52.( 11.2) 48.( 16.5) 72.( 35.5) 30.( 17.3) -9.( 9.1) 91.( 30.9)
3.0261 0.6997 19.83 -20.74 -22.63 1.781( 0.124) 1.281( 0.151) 1.808( 0.106) 99.000( 0.000) 99.000( 0.000) 90.( 15.4) 71.( 19.3) 402.( 86.7) 96.( 30.1) 10.( 2.6) 9999.( 0.0)
3.0327 0.6064 20.46 -20.33 -21.71 1.176( 0.090) 1.702( 0.231) 1.463( 0.100) 0.598( 0.069) -0.334( 0.094) 43.( 4.8) 44.( 5.7) 0.( 8.9) 0.( 2.4) 9998.( 0.0) 9999.( 0.0)
3.0332 0.1877 22.28 -17.63 -19.00 99.000( 0.000) 99.000( 0.000) 1.911( 0.144) 0.306( 0.075) -0.015( 0.079) 14.( 3.3) 17.( 4.0) 38.( 5.4) 16.( 2.3) 11.( 2.0) 52.( 3.6)
3.0350 0.6950 19.69 -21.42 -22.79 1.493( 0.100) 1.930( 0.230) 1.794( 0.106) 99.000( 0.000) 99.000( 0.000) 9998.( 0.0) 9998.( 0.0) 9998.( 0.0) 9998.( 0.0) -15.( 14.7) 9999.( 0.0)
3.0365 0.2187 17.91 -20.09 -22.01 99.000( 0.000) 99.000( 0.000) 1.395( 0.096) 0.563( 0.072) 0.061( 0.074) 211.( 28.8) 40.( 6.2) 0.( 71.9) 0.( 0.8) 0.( 0.8) 68.( 2.2)
3.0387 0.3760 18.31 -20.98 -22.75 99.000( 0.000) 1.280( 0.169) 1.600( 0.105) 1.071( 0.069) 0.103( 0.077) 0.( 6.2) 0.( 10.2) 0.( 29.0) 0.( 2.1) -3.( 0.9) 9999.( 0.0)
3.0393 0.1649 99.99 -17.69 99.99 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 0.603( 0.084) 0.162( 0.086) 9999.( 0.0) 9999.( 0.0) 99.( 7.2) 72.( 6.4) 19.( 4.0) 110.( 12.2)
3.0400 0.6560 18.58 -22.05 -23.77 1.672( 0.123) 1.878( 0.233) 2.241( 0.139) 0.659( 0.067) 99.000( 0.000) 0.( 7.6) 0.( 13.7) 9998.( 0.0) 9998.( 0.0) 9998.( 0.0) 9999.( 0.0)
3.0422 0.7148 19.76 -21.45 -22.79 1.335( 0.079) 1.555( 0.179) 1.558( 0.090) 99.000( 0.000) 99.000( 0.000) 72.( 3.4) 18.( 0.9) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
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TABLE 1—Continued
CFRS z KAB MB M1µ D3235(1σ) D3538(1σ) D4000(1σ) D4151(1σ) Mg2(1σ) OII(1σ) W(OII)(1σ) OIII(1σ) W(OIII)(1σ) W(Hβ)(1σ) W(Hα)(1σ)
3.0436 0.2066 99.99 -17.72 99.99 99.000( 0.000) 99.000( 0.000) 1.352( 0.097) 0.323( 0.076) -0.020( 0.077) 20.( 3.7) 25.( 4.7) 33.( 4.4) 14.( 2.0) 0.( 6.0) 32.( 4.0)
3.0442 0.4776 20.69 -20.30 -21.39 1.230( 0.086) 1.657( 0.207) 1.387( 0.087) 0.312( 0.068) 0.168( 0.078) 120.( 6.7) 45.( 3.8) 9998.( 0.0) 9998.( 0.0) 0.( 12.3) 9999.( 0.0)
3.0443 0.1178 99.99 -19.76 99.99 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 0.780( 0.082) 0.291( 0.126) 9999.( 0.0) 9999.( 0.0) 7584.( 44.2) 294.( 3.9) 0.( 1.3) 346.( 3.9)
3.0466 0.5304 22.24 -19.60 -20.84 1.110( 0.084) 1.527( 0.213) 1.073( 0.073) 0.315( 0.073) 0.095( 0.099) 33.( 4.3) 44.( 6.6) 52.( 7.3) 41.( 8.0) 12.( 11.7) 9999.( 0.0)
3.0485 0.6056 21.92 -20.24 -21.00 1.169( 0.075) 1.406( 0.176) 1.089( 0.068) 0.126( 0.074) 0.488( 0.119) 298.( 28.5) 126.( 25.6) 1323.( 106.1) 362.( 144.4) 112.( 28.4) 9999.( 0.0)
3.0494 0.2230 21.92 -17.49 -18.64 99.000( 0.000) 99.000( 0.000) 0.997( 0.085) 0.580( 0.086) 0.461( 0.102) 36.( 4.7) 39.( 6.0) 36.( 35.7) 22.( 21.5) 0.( 11.8) 31.( 5.8)
3.0500 0.1510 20.20 -18.31 -19.46 99.000( 0.000) 99.000( 0.000) 1.381( 0.108) 0.378( 0.074) 0.110( 0.084) 9999.( 0.0) 9999.( 0.0) 0.( 21.2) 0.( 2.6) 4.( 1.3) 31.( 2.6)
3.0508 0.4642 20.98 -20.01 -20.76 1.254( 0.086) 1.706( 0.227) 1.325( 0.089) 0.270( 0.068) 0.178( 0.100) 315.( 46.3) 120.( 35.4) 752.( 27.5) 127.( 10.1) 38.( 3.9) 9999.( 0.0)
3.0523 0.6508 20.31 -21.19 -22.07 0.975( 0.063) 1.831( 0.218) 1.463( 0.087) 0.129( 0.067) 99.000( 0.000) 200.( 38.1) 62.( 15.9) 328.( 137.5) 26.( 4.7) 17.( 3.4) 9999.( 0.0)
3.0528 0.7140 19.77 -21.24 -22.79 1.789( 0.118) 1.592( 0.190) 1.672( 0.099) 99.000( 0.000) 99.000( 0.000) 9998.( 0.0) 9998.( 0.0) 9999.( 0.0) 9999.( 0.0) -8.( 1.8) 9999.( 0.0)
3.0562 0.1689 19.41 -19.55 -20.48 99.000( 0.000) 99.000( 0.000) 1.087( 0.074) 0.055( 0.077) 0.094( 0.090) 9999.( 0.0) 9999.( 0.0) 849.( 6.1) 41.( 0.3) 11.( 0.3) 84.( 1.8)
3.0564 0.2990 18.96 -19.71 -21.58 99.000( 0.000) 1.955( 0.261) 1.898( 0.126) 0.808( 0.069) 0.128( 0.078) 56.( 15.3) 23.( 7.4) 0.( 16.0) 0.( 7.4) -4.( 2.4) 41.( 9.6)
3.0570 0.6480 21.58 -20.38 -21.26 1.188( 0.075) 1.707( 0.203) 1.307( 0.078) 99.000( 0.000) 99.000( 0.000) 129.( 7.9) 52.( 5.6) 9999.( 0.0) 9999.( 0.0) 11.( 3.1) 9999.( 0.0)
3.0578 0.2200 20.07 -19.16 -20.17 99.000( 0.000) 99.000( 0.000) 1.009( 0.071) 0.176( 0.074) 0.063( 0.069) 0.( 30.2) 0.( 6.4) 43.( 5.5) 7.( 1.0) 0.( 1.2) 51.( 5.0)
3.0579 0.6600 20.69 -20.44 -21.67 1.208( 0.096) 1.244( 0.163) 1.940( 0.127) 0.115( 0.075) 99.000( 0.000) 11.( 11.0) 8.( 8.0) 33.( 33.0) 9.( 9.0) 0.( 9.0) 9999.( 0.0)
3.0587 0.9720 22.08 -21.18 -21.68 1.065( 0.063) 1.666( 0.198) 0.727( 0.043) 99.000( 0.000) 99.000( 0.000) 195.( 20.8) 84.( 18.3) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
3.0589 0.7160 21.21 -20.48 -21.41 1.379( 0.089) 1.827( 0.228) 1.440( 0.089) 99.000( 0.000) 99.000( 0.000) 80.( 24.6) 40.( 15.8) 9999.( 0.0) 9999.( 0.0) 0.( 15.2) 9999.( 0.0)
3.0595 0.6061 20.30 -20.78 -21.84 1.168( 0.076) 1.803( 0.217) 1.469( 0.089) 0.294( 0.065) -0.212( 0.093) 61.( 4.0) 27.( 1.2) 149.( 148.9) 23.( 23.2) 19.( 2.3) 9999.( 0.0)
3.0599 0.4805 20.85 -20.65 -21.85 1.038( 0.071) 1.663( 0.216) 1.382( 0.090) 0.087( 0.068) 0.295( 0.074) 212.( 20.0) 61.( 6.9) 332.( 99.8) 45.( 17.5) 12.( 1.8) 9999.( 0.0)
3.0605 0.2193 21.42 -18.78 -19.93 99.000( 0.000) 99.000( 0.000) 1.270( 0.091) 0.253( 0.074) 0.070( 0.100) 64.( 18.4) 29.( 6.1) 243.( 16.1) 66.( 7.3) 10.( 4.6) 81.( 6.8)
3.0615 1.0480 21.12 -21.78 -22.38 0.986( 0.056) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 160.( 17.2) 55.( 11.2) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
3.0641 0.2630 99.99 -19.62 99.99 99.000( 0.000) 2.029( 0.287) 1.904( 0.131) 0.871( 0.071) 0.055( 0.071) 35.( 6.8) 16.( 3.1) 0.( 20.9) 0.( 4.8) 0.( 3.4) 24.( 4.4)
3.0645 0.5275 20.16 -20.77 -21.66 1.284( 0.081) 1.465( 0.179) 1.256( 0.076) -0.067( 0.065) -0.124( 0.069) 343.( 17.5) 77.( 6.8) 92.( 24.0) 15.( 5.2) 14.( 1.6) 9999.( 0.0)
3.0660 0.3954 21.44 -18.90 -19.95 1.181( 0.087) 1.202( 0.161) 1.335( 0.090) 0.271( 0.068) 0.007( 0.064) 36.( 7.3) 29.( 8.5) 59.( 20.1) 24.( 9.7) 13.( 5.3) 9999.( 0.0)
3.0672 0.6860 99.99 -20.44 99.99 1.229( 0.092) 1.890( 0.247) 1.419( 0.093) 0.184( 0.072) 99.000( 0.000) 42.( 7.0) 42.( 8.0) 0.( 60.0) 0.( 22.0) 0.( 13.0) 9999.( 0.0)
3.0692 1.0830 19.29 -23.39 -24.29 1.224( 0.084) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 308.( 33.0) 65.( 9.9) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
3.0711 0.2620 19.76 -19.03 -20.51 99.000( 0.000) 2.114( 0.304) 1.616( 0.110) 0.423( 0.072) 0.077( 0.081) 0.( 35.5) 0.( 21.5) 0.( 30.0) 0.( 4.8) 0.( 6.5) 37.( 7.5)
3.0717 0.6070 99.99 -21.20 99.99 1.124( 0.070) 1.751( 0.217) 1.624( 0.101) 0.523( 0.067) 0.101( 0.077) 19.( 19.2) 7.( 6.8) 0.( 21.8) 0.( 9.0) 16.( 4.4) 9999.( 0.0)
3.0726 0.1354 21.52 -17.46 -18.14 99.000( 0.000) 99.000( 0.000) 0.712( 0.087) 0.766( 0.093) 0.314( 0.108) 9999.( 0.0) 9999.( 0.0) 142.( 7.7) 35.( 3.9) 17.( 3.1) 132.( 30.6)
3.0728 0.5200 99.99 -19.49 99.99 1.516( 0.134) 1.938( 0.263) 1.802( 0.120) 0.837( 0.069) 0.155( 0.078) 9998.( 0.0) 9998.( 0.0) 9998.( 0.0) 9998.( 0.0) -9.( 8.9) 9999.( 0.0)
3.0786 0.3975 20.27 -19.52 -20.92 1.154( 0.087) 1.684( 0.221) 1.552( 0.101) 0.508( 0.069) 0.106( 0.066) 39.( 4.3) 28.( 3.3) 0.( 20.0) 0.( 2.6) 0.( 7.9) 9999.( 0.0)
3.0811 0.4826 99.99 -21.49 99.99 1.915( 0.131) 1.417( 0.179) 2.008( 0.127) 0.958( 0.066) 0.331( 0.067) 0.( 23.4) 0.( 12.3) 0.( 26.7) 0.( 3.8) -2.( 0.6) 9999.( 0.0)
3.0837 0.8215 19.02 -21.17 -23.37 1.378( 0.095) 1.635( 0.200) 1.840( 0.112) 99.000( 0.000) 99.000( 0.000) 62.( 10.0) 45.( 8.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
3.0844 0.8220 19.90 -21.10 -22.95 1.679( 0.109) 1.734( 0.205) 1.831( 0.107) 99.000( 0.000) 99.000( 0.000) 0.( 9.8) 0.( 4.4) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
3.0883 0.6020 99.99 -20.97 99.99 1.848( 0.138) 1.575( 0.191) 2.116( 0.126) 0.747( 0.064) 0.174( 0.083) 0.( 58.3) 0.( 13.3) 0.( 95.9) 0.( 7.4) 9998.( 0.0) 9999.( 0.0)
3.0926 0.3661 99.99 -19.30 99.99 99.000( 0.000) 2.177( 0.311) 1.396( 0.091) 0.339( 0.072) 0.082( 0.090) 52.( 10.8) 39.( 9.0) 77.( 25.7) 24.( 10.6) 9999.( 0.0) 9999.( 0.0)
3.0952 0.8581 99.99 -20.66 99.99 0.964( 0.062) 1.562( 0.194) 1.167( 0.072) 99.000( 0.000) 99.000( 0.000) 79.( 11.0) 52.( 12.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
3.0968 0.3310 99.99 -19.22 99.99 99.000( 0.000) 1.604( 0.219) 1.379( 0.093) 0.324( 0.071) 0.041( 0.082) 129.( 25.5) 48.( 14.0) 222.( 17.7) 38.( 4.4) 17.( 5.6) 9999.( 0.0)
3.0969 0.8560 18.98 -22.33 -23.99 1.541( 0.093) 1.503( 0.178) 1.903( 0.112) 99.000( 0.000) 99.000( 0.000) 0.( 50.0) 0.( 11.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
3.0982 0.1952 20.40 -18.15 -19.37 99.000( 0.000) 99.000( 0.000) 1.811( 0.130) 0.442( 0.074) 0.121( 0.083) 55.( 2.3) 41.( 1.9) 144.( 6.2) 33.( 3.0) 7.( 0.8) 59.( 1.4)
3.0983 0.3700 19.83 -19.94 -21.13 1.215( 0.089) 1.562( 0.211) 1.762( 0.119) 0.536( 0.068) -0.018( 0.083) 0.( 11.1) 0.( 6.8) 0.( 13.4) 0.( 1.9) 0.( 4.1) 9999.( 0.0)
3.0996 0.2193 20.79 -17.67 -19.11 99.000( 0.000) 99.000( 0.000) 3.167( 0.346) 0.437( 0.077) -0.181( 0.077) 25.( 9.3) 120.( 53.9) 51.( 8.2) 27.( 5.1) 0.( 4.8) 64.( 7.1)
3.1014 0.1970 17.27 -20.87 -22.46 99.000( 0.000) 99.000( 0.000) 1.377( 0.095) 0.535( 0.072) 0.074( 0.056) 119.( 119.3) 6.( 6.5) 0.( 36.8) 0.( 4.1) 9999.( 0.0) 30.( 2.0)
3.1016 0.7054 20.67 -20.42 -21.84 1.252( 0.085) 1.535( 0.192) 1.234( 0.077) 99.000( 0.000) 99.000( 0.000) 112.( 13.4) 85.( 16.7) 0.( 81.7) 0.( 25.7) 0.( 7.5) 9999.( 0.0)
3.1031 0.4220 19.21 -20.27 -22.12 0.977( 0.066) 1.274( 0.165) 2.369( 0.155) 0.899( 0.065) 0.136( 0.070) 0.( 29.8) 0.( 16.7) 0.( 9.6) 0.( 1.8) -4.( 0.8) 9999.( 0.0)
3.1032 0.6180 19.38 -21.63 -22.80 1.433( 0.089) 1.953( 0.237) 1.784( 0.110) 0.482( 0.063) 99.000( 0.000) 95.( 14.7) 15.( 2.3) 797.( 121.4) 27.( 5.2) -7.( 1.5) 9999.( 0.0)
3.1035 0.6350 99.99 -20.86 99.99 1.088( 0.070) 1.657( 0.202) 1.587( 0.097) 0.502( 0.066) 99.000( 0.000) 17.( 6.0) 5.( 2.5) 0.( 54.0) 0.( 5.0) -10.( 10.0) 9999.( 0.0)
3.1050 0.2640 20.63 -18.81 -20.08 99.000( 0.000) 1.419( 0.210) 1.531( 0.109) 0.525( 0.075) 0.102( 0.083) 61.( 18.0) 67.( 30.0) 84.( 20.6) 25.( 6.1) 9.( 1.8) 46.( 12.8)
3.1051 0.1554 20.02 -18.22 -19.36 99.000( 0.000) 99.000( 0.000) 2.127( 0.160) 0.378( 0.075) 0.127( 0.081) 60.( 14.6) 29.( 9.4) 143.( 6.9) 16.( 0.7) 0.( 0.0) 38.( 2.4)
3.1056 0.9442 20.99 -21.10 -22.23 1.125( 0.069) 1.429( 0.173) 1.409( 0.085) 99.000( 0.000) 99.000( 0.000) 191.( 8.0) 85.( 4.6) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
3.1060 0.4800 19.17 -20.56 -22.40 1.365( 0.093) 1.785( 0.233) 1.583( 0.103) 0.557( 0.067) 0.252( 0.072) 21.( 21.4) 6.( 6.1) 9998.( 0.0) 9998.( 0.0) 9998.( 0.0) 9999.( 0.0)
3.1064 0.5750 19.98 -20.41 -22.05 1.261( 0.080) 1.221( 0.157) 1.494( 0.096) 0.743( 0.066) 0.133( 0.070) 32.( 6.1) 12.( 2.4) 129.( 50.5) 16.( 6.9) 0.( 6.3) 9999.( 0.0)
3.1097 0.1980 21.70 -16.66 -18.55 99.000( 0.000) 99.000( 0.000) 1.083( 0.100) 0.693( 0.089) 0.191( 0.097) 0.( 19.7) 0.( 20.3) 51.( 24.0) 53.( 25.0) 27.( 27.0) 80.( 23.0)
3.1109 0.2175 19.26 -18.98 -20.66 99.000( 0.000) 99.000( 0.000) 2.971( 0.202) 0.867( 0.070) 0.183( 0.080) 0.( 6.0) 0.( 4.3) 0.( 10.2) 0.( 1.0) -4.( 0.6) 9999.( 0.0)
3.1138 0.7663 21.52 -20.54 -21.36 1.230( 0.080) 1.427( 0.179) 1.371( 0.086) 99.000( 0.000) 99.000( 0.000) 121.( 8.6) 82.( 7.8) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
3.1168 0.4790 21.20 -19.63 -20.63 1.945( 0.148) 1.740( 0.224) 1.311( 0.084) 0.330( 0.067) 0.087( 0.077) 96.( 4.2) 62.( 4.3) 106.( 22.6) 28.( 7.4) 17.( 3.9) 9999.( 0.0)
3.1171 0.6940 19.69 -21.51 -22.78 1.248( 0.083) 1.729( 0.202) 1.993( 0.116) 0.278( 0.064) 99.000( 0.000) 40.( 5.1) 12.( 1.6) 0.( 36.4) 0.( 15.2) 0.( 8.1) 9999.( 0.0)
3.1175 0.5610 20.97 -19.95 -21.14 1.443( 0.119) 1.456( 0.199) 2.216( 0.150) 0.602( 0.071) 0.003( 0.080) 0.( 9.8) 0.( 10.4) 0.( 12.3) 0.( 3.5) 9998.( 0.0) 9999.( 0.0)
3.1206 0.5586 99.99 -21.01 99.99 1.356( 0.085) 1.549( 0.190) 1.531( 0.095) 0.515( 0.066) 0.085( 0.067) 42.( 6.1) 20.( 2.9) 9998.( 0.0) 9998.( 0.0) 9998.( 0.0) 9999.( 0.0)
3.1220 0.7030 19.26 -21.15 -23.17 1.865( 0.116) 1.298( 0.153) 1.839( 0.108) 0.484( 0.065) 99.000( 0.000) 0.( 5.2) 0.( 3.2) 9999.( 0.0) 9999.( 0.0) 9998.( 0.0) 9999.( 0.0)
3.1228 0.7060 18.02 -22.39 -24.44 1.428( 0.086) 1.367( 0.154) 1.917( 0.108) 99.000( 0.000) 99.000( 0.000) 0.( 9.4) 0.( 14.7) 9998.( 0.0) 9998.( 0.0) 9998.( 0.0) 9999.( 0.0)
3.1253 0.5300 20.18 -20.24 -21.68 1.334( 0.087) 1.867( 0.239) 1.320( 0.084) 0.446( 0.068) 0.203( 0.062) 67.( 6.8) 39.( 5.6) 28.( 6.8) 6.( 1.6) 11.( 2.2) 9999.( 0.0)
3.1269 0.3623 99.99 -19.61 99.99 99.000( 0.000) 1.422( 0.207) 1.492( 0.104) -0.017( 0.075) -0.003( 0.079) 58.( 8.4) 44.( 7.4) 79.( 18.1) 32.( 11.1) 0.( 13.7) 9999.( 0.0)
3.1284 0.9382 20.40 -21.25 -22.79 1.185( 0.066) 1.240( 0.147) 1.277( 0.076) 99.000( 0.000) 99.000( 0.000) 268.( 7.3) 96.( 3.5) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
3.1318 0.8575 21.69 -20.87 -21.61 1.175( 0.093) 1.889( 0.351) 0.618( 0.057) 99.000( 0.000) 99.000( 0.000) 214.( 16.3) 97.( 11.9) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
3.1324 0.1726 20.31 -17.72 -18.80 99.000( 0.000) 99.000( 0.000) 1.815( 0.152) 0.271( 0.083) 0.082( 0.075) 0.( 8.7) 0.( 4.5) 40.( 6.5) 20.( 2.3) 0.( 4.1) 45.( 3.7)
3.1336 0.1759 18.42 -19.82 -21.03 99.000( 0.000) 99.000( 0.000) 1.238( 0.085) 0.373( 0.071) 0.027( 0.087) 0.( 56.0) 0.( 8.3) 9999.( 0.0) 9999.( 0.0) 1.( 0.2) 30.( 3.1)
3.1343 0.1887 99.99 -17.99 99.99 99.000( 0.000) 99.000( 0.000) 1.803( 0.151) 0.357( 0.076) 0.020( 0.095) 107.( 5.1) 1166.( 1166.) 97.( 5.3) 32.( 1.9) 9.( 4.0) 70.( 6.3)
2
TABLE 1—Continued
CFRS z KAB MB M1µ D3235(1σ) D3538(1σ) D4000(1σ) D4151(1σ) Mg2(1σ) OII(1σ) W(OII)(1σ) OIII(1σ) W(OIII)(1σ) W(Hβ)(1σ) W(Hα)(1σ)
3.1345 0.6167 19.23 -20.75 -22.66 1.400( 0.090) 1.539( 0.185) 1.688( 0.102) 0.520( 0.064) 0.019( 0.072) 100.( 18.7) 35.( 7.3) 0.( 41.2) 0.( 5.0) 0.( 5.0) 9999.( 0.0)
3.1349 0.6155 19.11 -21.42 -23.07 1.462( 0.102) 1.566( 0.205) 1.367( 0.090) 99.000( 0.000) 99.000( 0.000) 136.( 15.4) 28.( 6.3) 158.( 158.0) 14.( 14.5) 7.( 7.0) 9999.( 0.0)
3.1353 0.6340 19.44 -20.95 -22.77 1.067( 0.068) 1.660( 0.195) 1.616( 0.095) 0.633( 0.065) 99.000( 0.000) 62.( 9.6) 28.( 4.6) 36.( 35.6) 4.( 4.3) 9998.( 0.0) 9999.( 0.0)
3.1373 0.4825 19.35 -20.58 -22.29 1.277( 0.090) 1.507( 0.187) 1.908( 0.118) 0.916( 0.067) 0.304( 0.067) 0.( 12.5) 0.( 7.2) 0.( 15.0) 0.( 5.7) -6.( 2.3) 9999.( 0.0)
3.1384 0.7850 19.15 -21.29 -23.45 1.378( 0.085) 1.440( 0.171) 1.882( 0.112) 99.000( 0.000) 99.000( 0.000) 118.( 16.7) 54.( 10.5) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
3.1392 0.6050 19.32 -21.22 -22.84 1.506( 0.093) 1.500( 0.178) 1.627( 0.097) 0.564( 0.064) 99.000( 0.000) 0.( 14.8) 0.( 5.4) 0.( 19.0) 0.( 5.0) 9998.( 0.0) 9999.( 0.0)
3.1396 0.5565 99.99 -19.76 99.99 1.415( 0.102) 1.722( 0.238) 1.264( 0.087) 0.233( 0.076) -0.166( 0.108) 56.( 10.1) 44.( 12.6) 93.( 44.2) 38.( 19.0) 13.( 13.2) 9999.( 0.0)
3.1409 0.6182 99.99 -20.86 99.99 1.386( 0.104) 1.484( 0.180) 1.863( 0.111) 0.669( 0.063) 99.000( 0.000) 67.( 17.0) 31.( 9.0) 67.( 30.0) 8.( 2.6) 0.( 5.8) 9999.( 0.0)
3.1416 0.4880 18.39 -21.35 -23.22 1.290( 0.086) 1.693( 0.206) 1.733( 0.105) 1.002( 0.066) 0.219( 0.078) 8.( 8.1) 2.( 2.3) 9998.( 0.0) 0.( 0.0) -3.( 0.5) 9999.( 0.0)
3.1428 0.8270 20.21 -21.59 -22.68 1.149( 0.070) 1.677( 0.192) 1.455( 0.083) 99.000( 0.000) 99.000( 0.000) 69.( 17.5) 28.( 9.4) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
3.1534 0.7977 99.99 -20.58 99.99 1.304( 0.085) 1.287( 0.162) 1.270( 0.080) 99.000( 0.000) 99.000( 0.000) 170.( 23.0) 70.( 15.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
3.1650 0.6372 99.99 -20.23 99.99 0.798( 0.058) 2.503( 0.320) 1.358( 0.086) 0.247( 0.072) 99.000( 0.000) 31.( 11.7) 22.( 9.1) 0.( 16.0) 0.( 5.2) 0.( 5.2) 9999.( 0.0)
3.9003 0.6189 99.99 -21.51 99.99 1.235( 0.075) 1.487( 0.177) 1.494( 0.089) 0.252( 0.064) -0.115( 0.080) 232.( 12.7) 50.( 3.1) 164.( 18.0) 14.( 1.7) 0.( 2.8) 9999.( 0.0)
10.0036 0.9154 20.43 -21.01 -22.69 1.260( 0.086) 1.307( 0.168) 1.504( 0.096) 99.000( 0.000) 99.000( 0.000) 55.( 6.3) 72.( 10.5) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.0041 0.2020 19.05 -19.40 -20.70 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 0.139( 0.071) 0.046( 0.078) 9999.( 0.0) 9999.( 0.0) 0.( 14.5) 0.( 4.2) 1.( 1.4) 42.( 2.9)
10.0099 0.7285 21.20 -21.31 -21.99 0.967( 0.063) 1.672( 0.209) 1.266( 0.079) 99.000( 0.000) 99.000( 0.000) 35.( 6.5) 57.( 14.6) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.0107 1.2314 21.63 -22.70 -22.32 1.154( 0.089) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 280.( 50.7) 199.( 64.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.0202 0.5500 99.99 -20.41 99.99 1.260( 0.086) 1.439( 0.179) 1.895( 0.118) 0.429( 0.068) 0.091( 0.072) 47.( 16.1) 19.( 8.8) 9998.( 0.0) 9998.( 0.0) -4.( 3.6) 9999.( 0.0)
10.0213 0.6470 99.99 -20.79 99.99 1.006( 0.062) 1.504( 0.181) 1.352( 0.081) 0.306( 0.063) 99.000( 0.000) 160.( 13.0) 57.( 7.7) 104.( 31.0) 16.( 5.5) 7.( 6.7) 9999.( 0.0)
10.0230 0.5673 20.68 -20.43 -21.32 1.185( 0.080) 1.361( 0.171) 1.312( 0.082) 0.305( 0.065) 99.000( 0.000) 89.( 31.3) 29.( 12.6) 140.( 24.4) 23.( 5.5) 31.( 1.8) 9999.( 0.0)
10.0231 0.5677 20.43 -20.33 -21.60 1.447( 0.095) 1.226( 0.156) 1.293( 0.083) 0.381( 0.066) -0.118( 0.065) 140.( 9.6) 56.( 6.0) 31.( 31.0) 5.( 4.8) 19.( 10.1) 9999.( 0.0)
10.0239 1.2919 19.86 -23.15 -24.17 1.365( 0.076) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 352.( 52.5) 51.( 9.1) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.0253 1.0820 20.22 -22.29 -23.36 1.473( 0.087) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 152.( 18.1) 55.( 9.8) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.0261 0.7055 18.89 -21.38 -23.42 1.500( 0.098) 1.433( 0.169) 1.780( 0.105) 99.000( 0.000) 99.000( 0.000) 29.( 28.9) 11.( 11.3) 42.( 6.3) 6.( 0.8) -10.( 0.8) 9999.( 0.0)
10.0264 0.5217 17.67 -22.64 -24.16 1.439( 0.090) 1.453( 0.175) 1.489( 0.090) 0.346( 0.064) 0.035( 0.057) 124.( 34.1) 8.( 2.9) 0.( 32.2) 0.( 1.7) -2.( 2.2) 9999.( 0.0)
10.0272 0.5200 19.76 -20.66 -22.07 1.664( 0.103) 1.457( 0.179) 1.530( 0.094) 0.313( 0.065) 0.202( 0.075) 57.( 18.0) 11.( 3.8) 90.( 37.6) 8.( 3.7) 0.( 2.4) 9999.( 0.0)
10.0285 0.2536 20.29 -19.51 -20.57 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 0.430( 0.070) 0.016( 0.090) 9999.( 0.0) 9999.( 0.0) 120.( 41.5) 13.( 5.3) 0.( 5.0) 32.( 5.2)
10.0478 0.7543 99.99 -21.30 99.99 1.233( 0.087) 1.672( 0.233) 1.036( 0.072) 99.000( 0.000) 99.000( 0.000) 126.( 5.2) 120.( 11.1) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.0496 0.5620 20.60 -21.00 -21.80 1.207( 0.075) 1.274( 0.153) 1.216( 0.073) 0.266( 0.065) 0.007( 0.081) 402.( 10.5) 75.( 3.1) 406.( 63.4) 40.( 9.4) 9.( 1.1) 9999.( 0.0)
10.0498 0.9198 23.29 -21.21 -22.10 1.128( 0.076) 1.814( 0.282) 0.707( 0.054) 99.000( 0.000) 99.000( 0.000) 261.( 24.0) 124.( 15.5) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.0520 0.8450 21.13 -21.64 -22.39 1.207( 0.085) 1.881( 0.258) 1.110( 0.076) 99.000( 0.000) 99.000( 0.000) 114.( 20.0) 61.( 11.8) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.0523 0.1949 20.18 -19.02 -20.11 99.000( 0.000) 99.000( 0.000) 1.061( 0.073) 0.274( 0.077) 0.030( 0.089) 474.( 7.6) 60.( 1.1) 377.( 16.4) 32.( 1.5) 8.( 1.1) 6.( 1.6)
10.0531 0.1460 20.41 -18.45 -19.48 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 0.335( 0.076) 0.238( 0.100) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 0.( 8.3) 58.( 8.0)
10.0532 0.1804 18.91 -19.52 -20.83 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 0.472( 0.072) 0.122( 0.077) 9999.( 0.0) 9999.( 0.0) 58.( 6.8) 4.( 0.4) -2.( 2.2) 32.( 2.0)
10.0541 0.4320 19.06 -20.58 -22.32 99.000( 0.000) 1.971( 0.254) 1.531( 0.095) 0.594( 0.067) 0.151( 0.076) 0.( 9.4) 0.( 12.6) 0.( 35.5) 0.( 3.5) -4.( 0.7) 9999.( 0.0)
10.0543 0.8560 21.93 -20.69 -21.44 1.183( 0.066) 1.270( 0.151) 1.080( 0.065) 99.000( 0.000) 99.000( 0.000) 78.( 12.0) 37.( 8.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.0747 0.3400 18.85 -20.30 -21.98 99.000( 0.000) 1.442( 0.190) 1.482( 0.096) 0.566( 0.070) 0.206( 0.076) 9999.( 0.0) 9999.( 0.0) 9998.( 0.0) 9998.( 0.0) 0.( 4.3) 9999.( 0.0)
10.0761 0.9832 19.84 -21.55 -23.45 1.073( 0.061) 1.412( 0.163) 1.495( 0.087) 99.000( 0.000) 99.000( 0.000) 52.( 7.8) 15.( 2.3) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.0763 0.6710 18.14 -21.85 -23.78 0.988( 0.064) 1.854( 0.221) 1.645( 0.097) 0.262( 0.062) 99.000( 0.000) 36.( 5.2) 18.( 3.8) 15.( 15.1) 3.( 2.7) 0.( 4.0) 9999.( 0.0)
10.0765 0.5365 21.01 -19.95 -20.85 1.005( 0.069) 1.336( 0.171) 1.202( 0.077) 0.153( 0.072) 0.137( 0.089) 185.( 10.6) 92.( 9.0) 326.( 31.3) 95.( 17.4) 14.( 2.2) 9999.( 0.0)
10.0769 0.6690 18.86 -21.33 -23.32 1.194( 0.078) 1.372( 0.162) 1.700( 0.100) 99.000( 0.000) 99.000( 0.000) 22.( 4.2) 8.( 1.5) 26.( 6.1) 3.( 0.7) 0.( 5.2) 9999.( 0.0)
10.0771 0.7868 20.96 -20.50 -21.82 1.555( 0.111) 1.508( 0.234) 1.023( 0.079) 99.000( 0.000) 99.000( 0.000) 29.( 2.6) 126.( 24.9) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.0802 0.3090 20.98 -19.16 -20.08 99.000( 0.000) 99.000( 0.000) 1.257( 0.088) 0.230( 0.075) 0.065( 0.086) 266.( 14.6) 61.( 5.6) 749.( 23.6) 88.( 3.7) 11.( 1.9) 123.( 33.0)
10.0805 0.1475 20.54 -17.51 -18.51 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 1.035( 0.078) 0.337( 0.087) 9999.( 0.0) 9999.( 0.0) 74.( 9.4) 20.( 2.7) 9999.( 0.0) 47.( 3.3)
10.0812 0.3847 18.53 -20.61 -22.58 0.940( 0.081) 2.407( 0.328) 2.204( 0.144) 1.152( 0.067) 0.233( 0.073) 0.( 19.9) 0.( 9.1) 0.( 29.5) 0.( 2.5) -2.( 2.2) 9999.( 0.0)
10.0813 0.4667 21.76 -19.42 -20.43 1.017( 0.074) 1.577( 0.221) 1.008( 0.071) 0.278( 0.079) -0.123( 0.111) 95.( 10.1) 103.( 19.9) 88.( 30.6) 58.( 28.7) 31.( 16.8) 9999.( 0.0)
10.0817 0.7310 19.80 -21.16 -22.80 1.285( 0.078) 1.570( 0.188) 1.452( 0.086) 99.000( 0.000) 99.000( 0.000) 0.( 8.4) 0.( 4.3) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.0826 0.6430 18.88 -21.95 -23.43 1.129( 0.070) 1.634( 0.199) 1.674( 0.102) 0.172( 0.065) 99.000( 0.000) 46.( 12.0) 12.( 3.3) 0.( 70.0) 0.( 7.6) 0.( 7.6) 9999.( 0.0)
10.0831 0.3410 18.14 -20.51 -22.51 99.000( 0.000) 1.848( 0.240) 2.309( 0.150) 0.890( 0.071) 0.210( 0.072) 0.( 19.7) 0.( 3.2) 0.( 70.2) 0.( 3.3) -9.( 1.2) 9999.( 0.0)
10.0860 0.7710 19.34 -21.67 -23.38 1.213( 0.070) 1.654( 0.191) 1.823( 0.105) 99.000( 0.000) 99.000( 0.000) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.0877 1.0192 99.99 -21.29 99.99 1.109( 0.066) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 155.( 21.0) 75.( 16.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.1017 0.8160 99.99 -21.41 99.99 1.447( 0.085) 1.243( 0.147) 1.464( 0.087) 99.000( 0.000) 99.000( 0.000) 0.( 10.3) 0.( 7.6) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.1105 0.7787 99.99 -20.41 99.99 1.103( 0.088) 1.257( 0.179) 2.541( 0.182) 99.000( 0.000) 99.000( 0.000) 14.( 3.4) 19.( 4.8) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.1135 0.7291 21.82 -20.58 -21.33 1.132( 0.096) 2.039( 0.320) 1.075( 0.085) 99.000( 0.000) 99.000( 0.000) 41.( 2.6) 62.( 6.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.1153 0.5520 18.72 -20.77 -22.77 1.844( 0.135) 1.728( 0.224) 1.856( 0.120) 0.602( 0.064) 0.121( 0.062) 0.( 7.3) 0.( 5.3) 0.( 18.1) 0.( 2.0) -12.( 1.0) 9999.( 0.0)
10.1161 0.2000 18.24 -18.90 -21.01 99.000( 0.000) 99.000( 0.000) 1.684( 0.118) 0.708( 0.073) 0.045( 0.081) 19.( 8.4) 5.( 2.3) 0.( 16.7) 0.( 6.1) 0.( 6.1) 40.( 0.8)
10.1178 0.1971 21.52 -17.95 -19.31 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 0.424( 0.073) 0.153( 0.099) 9999.( 0.0) 9999.( 0.0) 140.( 7.0) 47.( 5.0) 13.( 1.8) 72.( 6.8)
10.1183 0.6487 18.92 -21.88 -23.41 1.270( 0.077) 1.327( 0.157) 1.590( 0.094) 0.213( 0.063) 99.000( 0.000) 283.( 92.8) 57.( 26.4) 224.( 54.1) 20.( 5.8) -3.( 1.2) 9999.( 0.0)
10.1203 0.6862 21.02 -20.24 -21.43 1.250( 0.082) 1.663( 0.204) 1.162( 0.071) -0.135( 0.069) 99.000( 0.000) 149.( 5.5) 62.( 2.7) 77.( 42.0) 20.( 6.4) 16.( 16.1) 9999.( 0.0)
10.1207 0.7062 19.87 -20.73 -22.63 1.426( 0.086) 1.542( 0.185) 1.860( 0.113) 99.000( 0.000) 99.000( 0.000) 37.( 16.9) 48.( 27.9) 9999.( 0.0) 9999.( 0.0) -12.( 1.1) 9999.( 0.0)
10.1209 0.8410 18.83 -21.96 -24.05 1.378( 0.084) 1.310( 0.149) 2.133( 0.122) 99.000( 0.000) 99.000( 0.000) 0.( 35.3) 0.( 12.4) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.1213 0.8165 20.36 -20.94 -22.50 1.236( 0.076) 1.356( 0.156) 1.430( 0.082) 99.000( 0.000) 99.000( 0.000) 54.( 5.3) 27.( 3.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.1220 0.9092 21.34 -20.95 -21.84 0.986( 0.061) 1.650( 0.199) 1.289( 0.078) 99.000( 0.000) 99.000( 0.000) 74.( 14.0) 38.( 8.1) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.1231 0.4733 19.25 -20.19 -22.20 99.000( 0.000) 1.388( 0.183) 2.379( 0.159) 0.808( 0.066) 0.152( 0.065) 71.( 21.7) 46.( 18.7) 0.( 12.5) 0.( 3.4) 0.( 2.8) 9999.( 0.0)
10.1236 0.7498 21.09 -20.85 -21.67 1.143( 0.070) 1.184( 0.148) 1.265( 0.079) 99.000( 0.000) 99.000( 0.000) 38.( 14.1) 14.( 6.3) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.1243 0.5850 19.26 -20.97 -22.81 2.838( 0.225) 1.219( 0.156) 2.306( 0.146) 0.700( 0.068) 99.000( 0.000) 0.( 36.8) 0.( 15.2) 178.( 53.2) 20.( 7.6) 0.( 9.2) 9999.( 0.0)
10.1250 0.4640 18.41 -21.02 -22.99 1.637( 0.118) 1.535( 0.194) 1.975( 0.125) 0.836( 0.067) 0.076( 0.073) 25.( 14.3) 9.( 5.1) 118.( 52.4) 8.( 3.9) 4.( 0.7) 9999.( 0.0)
10.1255 0.4670 17.43 -22.04 -24.05 1.429( 0.096) 1.422( 0.176) 1.821( 0.112) 0.871( 0.065) 0.152( 0.067) 86.( 85.5) 9.( 9.4) 54.( 54.0) 1.( 1.4) -2.( 0.5) 9999.( 0.0)
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TABLE 1—Continued
CFRS z KAB MB M1µ D3235(1σ) D3538(1σ) D4000(1σ) D4151(1σ) Mg2(1σ) OII(1σ) W(OII)(1σ) OIII(1σ) W(OIII)(1σ) W(Hβ)(1σ) W(Hα)(1σ)
10.1257 0.7770 19.62 -21.33 -23.11 1.225( 0.075) 1.579( 0.182) 1.860( 0.107) 99.000( 0.000) 99.000( 0.000) 0.( 20.0) 0.( 7.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.1259 0.4640 19.37 -20.30 -22.17 99.000( 0.000) 1.512( 0.194) 1.925( 0.123) 0.791( 0.068) 0.202( 0.073) 0.( 12.1) 0.( 8.4) 48.( 28.0) 4.( 2.7) -8.( 1.3) 9999.( 0.0)
10.1262 0.5775 19.71 -20.32 -22.29 1.414( 0.119) 1.397( 0.186) 2.051( 0.135) 0.821( 0.067) 99.000( 0.000) 0.( 16.2) 0.( 8.2) 35.( 34.7) 4.( 3.8) 0.( 2.8) 9999.( 0.0)
10.1270 0.6700 19.08 -21.19 -23.25 1.751( 0.113) 1.372( 0.167) 2.227( 0.138) 99.000( 0.000) 99.000( 0.000) 9998.( 0.0) 9998.( 0.0) 9999.( 0.0) 9999.( 0.0) 0.( 8.3) 9999.( 0.0)
10.1281 0.1112 20.10 -15.75 -17.93 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 0.642( 0.117) 9999.( 0.0) 9999.( 0.0) 0.( 9.2) 0.( 6.6) -40.( 6.3) 24.( 3.1)
10.1615 0.9728 20.94 -21.09 -22.36 1.119( 0.066) 1.423( 0.176) 1.530( 0.096) 99.000( 0.000) 99.000( 0.000) 137.( 23.0) 45.( 17.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.1637 0.4971 18.77 -20.90 -22.89 99.000( 0.000) 99.000( 0.000) 2.018( 0.130) 0.770( 0.065) 0.222( 0.073) 0.( 12.5) 0.( 8.3) 9998.( 0.0) 9998.( 0.0) 0.( 1.8) 9999.( 0.0)
10.1643 0.2345 19.85 -18.93 -20.29 99.000( 0.000) 99.000( 0.000) 1.482( 0.102) 0.299( 0.072) 0.158( 0.087) 9999.( 0.0) 9999.( 0.0) 164.( 23.0) 21.( 3.1) 0.( 13.2) 96.( 36.2)
10.1644 0.0767 18.97 -17.24 -19.00 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) -0.009( 0.071) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) -6.( 1.0) 14.( 0.5)
10.1650 0.0067 17.79 -14.89 -15.40 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 0.193( 0.116) 9999.( 0.0) 9999.( 0.0) 7663.( 42.7) 253.( 3.0) 50.( 10.0) 372.( 57.0)
10.1651 0.1967 19.06 -18.50 -20.60 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 1.023( 0.074) 0.063( 0.081) 9999.( 0.0) 9999.( 0.0) 0.( 25.0) 0.( 2.6) 9999.( 0.0) 46.( 1.4)
10.1658 0.7548 20.40 -20.60 -22.27 1.020( 0.064) 1.691( 0.219) 1.253( 0.081) 99.000( 0.000) 99.000( 0.000) 44.( 12.1) 33.( 12.5) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.1887 1.2378 23.27 -22.26 -21.88 1.030( 0.060) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 133.( 17.3) 38.( 5.5) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.1891 0.0740 21.66 -15.00 -16.27 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) -0.032( 0.114) 9999.( 0.0) 9999.( 9.4) 0.( 15.2) 0.( 10.2) 0.( 9.4) 62.( 20.2)
10.1906 0.7700 19.50 -21.97 -23.22 1.425( 0.087) 1.258( 0.148) 1.684( 0.099) 99.000( 0.000) 99.000( 0.000) 3.( 0.8) 10.( 2.5) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.1927 0.5210 18.35 -21.84 -23.48 1.941( 0.125) 1.100( 0.132) 1.701( 0.102) 0.324( 0.066) 0.098( 0.065) 0.( 9.2) 0.( 2.3) 9998.( 0.0) 9998.( 0.0) 9998.( 0.0) 9999.( 0.0)
10.1991 0.7710 18.88 -21.98 -23.82 1.562( 0.104) 1.590( 0.188) 1.722( 0.101) 99.000( 0.000) 99.000( 0.000) 0.( 23.2) 0.( 4.4) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.2134 0.8551 21.34 -20.73 -21.71 1.046( 0.067) 1.335( 0.163) 1.435( 0.088) 99.000( 0.000) 99.000( 0.000) 67.( 9.0) 49.( 7.6) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.2174 0.4720 19.11 -20.33 -22.35 2.009( 0.186) 1.693( 0.220) 1.758( 0.113) 0.682( 0.066) 0.148( 0.070) 0.( 18.3) 0.( 10.7) 38.( 28.6) 4.( 3.2) -3.( 0.6) 9999.( 0.0)
10.2197 0.3846 20.38 -18.89 -20.73 99.000( 0.000) 0.686( 0.163) 1.534( 0.190) 0.858( 0.102) 0.214( 0.096) 27.( 5.3) 49.( 17.8) 150.( 15.8) 107.( 23.9) -14.( 14.4) 9999.( 0.0)
10.2421 0.6950 20.36 -20.88 -22.11 1.172( 0.098) 2.194( 0.282) 2.401( 0.148) 99.000( 0.000) 99.000( 0.000) 9998.( 0.0) 9998.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
10.2451 0.1983 99.99 -18.59 99.99 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 0.729( 0.073) 0.091( 0.086) 9999.( 0.0) 9999.( 0.0) 0.( 9.1) 0.( 3.3) -8.( 5.0) 5.( 0.5)
10.2528 0.5730 18.32 -21.73 -23.68 1.344( 0.085) 1.209( 0.143) 1.922( 0.114) 0.566( 0.065) -0.225( 0.075) 0.( 42.5) 0.( 9.2) 0.( 46.5) 0.( 2.7) 9998.( 0.0) 9999.( 0.0)
14.0024 0.5313 19.61 -21.32 -22.25 1.275( 0.081) 1.411( 0.177) 1.512( 0.095) 0.325( 0.066) 0.026( 0.074) 60.( 5.9) 12.( 1.2) 0.( 11.9) 0.( 5.0) 9998.( 0.0) 9999.( 0.0)
14.0025 0.2358 21.08 -19.11 -20.17 99.000( 0.000) 99.000( 0.000) 1.211( 0.082) 0.245( 0.071) 0.031( 0.080) 9999.( 0.0) 9999.( 0.0) 281.( 16.6) 30.( 1.9) 8.( 2.9) 88.( 14.4)
14.0027 0.2000 99.99 -17.81 99.99 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 1.216( 0.084) 0.226( 0.092) 9999.( 0.0) 9999.( 0.0) 0.( 33.1) 0.( 2.0) 0.( 2.0) 0.( 12.1)
14.0070 0.0642 99.99 -16.87 99.99 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 0.192( 0.106) 9999.( 0.0) 9999.( 0.0) 303.( 29.7) 30.( 3.0) 12.( 12.1) 43.( 4.2)
14.0072 0.6172 21.46 -19.99 -20.80 1.064( 0.070) 1.523( 0.187) 1.311( 0.081) 0.227( 0.066) 99.000( 0.000) 168.( 38.6) 80.( 20.0) 427.( 123.1) 99.( 48.3) 36.( 15.8) 9999.( 0.0)
14.0122 0.2820 99.99 -20.80 99.99 99.000( 0.000) 0.983( 0.129) 2.643( 0.175) 0.748( 0.069) 0.210( 0.073) 0.( 23.6) 0.( 9.9) 0.( 18.1) 0.( 2.2) -3.( 0.3) 9999.( 0.0)
14.0129 0.9023 20.50 -20.89 -22.59 1.323( 0.081) 1.531( 0.193) 1.266( 0.080) 99.000( 0.000) 99.000( 0.000) 174.( 9.4) 75.( 4.8) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
14.0147 1.1810 20.92 -21.60 -22.89 99.900( 0.000) 1.000( 0.000) 99.900( 0.000) 99.900( 0.000) 99.900( 0.000) 10000.( 0.0) 10000.( 0.0) 10000.( 0.0) 10000.( 0.0) 10000.( 0.0) 10000.( 0.0)
14.0180 0.5684 20.33 -20.48 -21.69 1.286( 0.080) 1.401( 0.171) 1.338( 0.082) 0.284( 0.065) 99.000( 0.000) 117.( 26.7) 40.( 12.4) 60.( 9.3) 8.( 0.8) 10.( 5.0) 9999.( 0.0)
14.0185 0.3730 99.99 -20.86 99.99 1.059( 0.095) 2.499( 0.334) 1.664( 0.106) 0.679( 0.067) 0.113( 0.072) 0.( 21.0) 0.( 11.1) 0.( 12.8) 0.( 1.0) 0.( 3.0) 9999.( 0.0)
14.0207 0.5460 17.77 -22.32 -24.15 1.667( 0.109) 1.279( 0.153) 2.066( 0.124) 0.793( 0.065) 0.053( 0.054) 0.( 26.8) 0.( 23.1) 9999.( 0.0) 9999.( 0.0) -4.( 0.6) 9999.( 0.0)
14.0208 0.2003 99.99 -18.09 99.99 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 0.953( 0.080) -0.052( 0.079) 9999.( 0.0) 9999.( 0.0) 139.( 11.5) 40.( 3.6) -6.( 1.8) 81.( 12.5)
14.0217 0.7168 99.99 -21.02 99.99 1.003( 0.074) 1.339( 0.171) 1.385( 0.089) 99.000( 0.000) 99.000( 0.000) 108.( 10.0) 80.( 9.0) 9999.( 0.0) 9999.( 0.0) 0.( 14.0) 9999.( 0.0)
14.0227 0.7720 19.20 -22.04 -23.54 1.111( 0.067) 1.455( 0.173) 1.480( 0.088) 99.000( 0.000) 99.000( 0.000) 0.( 13.3) 0.( 1.1) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
14.0272 0.6678 18.95 -22.02 -23.45 1.134( 0.067) 1.582( 0.187) 1.514( 0.090) 0.150( 0.066) 99.000( 0.000) 117.( 23.1) 26.( 6.4) 112.( 26.0) 10.( 2.5) 7.( 7.1) 9999.( 0.0)
14.0279 0.2760 99.99 -20.71 99.99 99.000( 0.000) 1.214( 0.157) 2.402( 0.156) 0.860( 0.070) 0.217( 0.073) 0.( 31.8) 0.( 9.3) 0.( 11.8) 0.( 1.7) -2.( 1.3) 0.( 16.7)
14.0310 0.2384 20.59 -19.31 -20.30 99.900( 0.000) 1.000( 0.000) 99.900( 0.000) 99.900( 0.000) 99.900( 0.000) 10000.( 0.0) 10000.( 0.0) 10000.( 0.0) 10000.( 0.0) 10000.( 0.0) 10000.( 0.0)
14.0321 0.2207 99.99 -17.80 99.99 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 0.099( 0.073) -0.065( 0.101) 9999.( 0.0) 0.( 4.0) 56.( 6.7) 18.( 2.3) 0.( 4.0) 23.( 4.3)
14.0403 0.7139 18.65 -21.97 -23.85 1.176( 0.082) 2.117( 0.257) 1.648( 0.099) 99.000( 0.000) 99.000( 0.000) 44.( 18.0) 18.( 8.8) 9999.( 0.0) 9999.( 0.0) 11.( 11.3) 9999.( 0.0)
14.0422 0.4210 18.73 -20.77 -22.53 2.705( 0.282) 2.085( 0.276) 2.092( 0.135) 0.478( 0.068) 0.140( 0.071) 15.( 5.6) 4.( 1.7) 24.( 5.7) 2.( 0.5) -5.( 0.6) 9999.( 0.0)
14.0435 0.0684 17.20 -18.96 -20.34 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 0.543( 0.076) 0.081( 0.068) 9999.( 0.0) 9999.( 0.0) 0.( 50.2) 0.( 1.4) -4.( 0.5) 10.( 1.4)
14.0438 0.9862 99.99 -22.13 99.99 1.144( 0.071) 1.509( 0.208) 1.022( 0.071) 99.000( 0.000) 99.000( 0.000) 210.( 13.3) 114.( 10.8) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
14.0440 0.9896 19.32 -21.86 -23.98 1.316( 0.087) 1.495( 0.198) 1.626( 0.106) 99.000( 0.000) 99.000( 0.000) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
14.0485 0.6545 20.93 -20.44 -21.40 1.099( 0.077) 1.535( 0.200) 1.276( 0.083) 99.000( 0.000) 99.000( 0.000) 63.( 8.0) 57.( 9.0) 9999.( 0.0) 9999.( 0.0) 0.( 13.0) 9999.( 0.0)
14.0487 0.8026 25.34 -20.66 99.99 1.079( 0.069) 1.332( 0.166) 1.415( 0.088) 99.000( 0.000) 99.000( 0.000) 33.( 2.3) 70.( 6.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
14.0497 0.7970 20.00 -21.28 -22.80 1.358( 0.084) 1.630( 0.202) 1.359( 0.085) 99.000( 0.000) 99.000( 0.000) 114.( 12.5) 51.( 8.5) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
14.0528 0.0640 20.50 -17.05 -17.63 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 0.149( 0.102) 9999.( 0.0) 9999.( 0.0) 630.( 16.8) 54.( 1.6) 10.( 1.8) 69.( 5.7)
14.0538 0.8085 99.99 -21.24 99.99 1.148( 0.067) 1.406( 0.173) 1.258( 0.078) 99.000( 0.000) 99.000( 0.000) 512.( 21.0) 134.( 12.8) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
14.0566 0.9954 99.99 -21.66 99.99 1.455( 0.091) 1.389( 0.173) 1.883( 0.116) 99.000( 0.000) 99.000( 0.000) 0.( 25.1) 0.( 7.2) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
14.0580 0.7440 99.99 -22.05 99.99 1.134( 0.070) 1.559( 0.183) 1.658( 0.097) 99.000( 0.000) 99.000( 0.000) 0.( 1.1) 0.( 14.5) 9999.( 0.0) 9999.( 0.0) 0.( 3.9) 9999.( 0.0)
14.0581 0.6600 99.99 -20.92 99.99 1.448( 0.090) 1.233( 0.156) 1.756( 0.112) 99.000( 0.000) 99.000( 0.000) 0.( 9.3) 0.( 6.0) 9999.( 0.0) 9999.( 0.0) 0.( 8.1) 9999.( 0.0)
14.0588 0.0992 99.99 -17.79 99.99 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 0.425( 0.079) -0.005( 0.094) 9999.( 0.0) 9999.( 0.0) 205.( 10.0) 28.( 1.4) 9.( 1.2) 49.( 1.4)
14.0593 0.6143 21.09 -20.40 -21.12 1.297( 0.111) 0.803( 0.134) 1.116( 0.094) 0.820( 0.094) -0.167( 0.146) 53.( 5.3) 46.( 5.7) 45.( 22.0) 19.( 11.0) 0.( 22.0) 9999.( 0.0)
14.0600 1.0385 99.99 -22.16 99.99 1.152( 0.065) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 263.( 60.0) 55.( 18.1) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
14.0605 0.8348 99.99 -20.69 99.99 0.948( 0.056) 1.308( 0.164) 0.947( 0.060) 99.000( 0.000) 99.000( 0.000) 144.( 11.4) 122.( 20.6) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
14.0621 0.2871 99.99 -19.55 99.99 99.000( 0.000) 1.485( 0.195) 1.438( 0.094) 0.192( 0.071) 0.089( 0.080) 167.( 12.9) 47.( 5.8) 150.( 18.2) 18.( 3.3) 3.( 0.9) 65.( 15.5)
14.0660 0.9812 99.99 -21.43 99.99 1.080( 0.067) 1.319( 0.156) 2.020( 0.121) 99.000( 0.000) 99.000( 0.000) 52.( 7.8) 54.( 8.8) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
14.0663 0.7434 99.99 -21.87 99.99 1.085( 0.064) 1.796( 0.213) 1.470( 0.087) 99.000( 0.000) 99.000( 0.000) 48.( 5.5) 8.( 0.9) 9999.( 0.0) 9999.( 0.0) 0.( 3.0) 9999.( 0.0)
14.0727 0.4638 99.99 -21.11 99.99 1.271( 0.087) 1.476( 0.188) 1.260( 0.080) 0.341( 0.067) -0.016( 0.065) 198.( 49.7) 51.( 16.9) 194.( 27.3) 21.( 3.6) 6.( 0.9) 9999.( 0.0)
14.0739 0.6806 99.99 -21.88 99.99 1.282( 0.077) 1.437( 0.169) 1.605( 0.094) 0.107( 0.063) 99.000( 0.000) 9998.( 0.0) 9998.( 0.0) 15.( 15.0) 2.( 2.2) 0.( 5.6) 9999.( 0.0)
14.0746 0.6750 19.77 -20.75 -22.60 1.188( 0.077) 1.629( 0.196) 1.920( 0.115) 0.644( 0.064) 99.000( 0.000) 0.( 13.0) 0.( 8.9) 9998.( 0.0) 9998.( 0.0) -8.( 7.6) 9999.( 0.0)
14.0753 0.5472 99.99 -20.02 99.99 1.189( 0.083) 1.666( 0.214) 1.198( 0.077) 0.115( 0.073) -0.024( 0.096) 84.( 21.3) 55.( 20.5) 104.( 30.3) 35.( 13.3) 0.( 15.6) 9999.( 0.0)
14.0779 0.5781 99.99 -20.21 99.99 0.918( 0.066) 1.836( 0.247) 1.405( 0.094) 0.332( 0.066) -0.093( 0.073) 90.( 6.0) 48.( 3.4) 9998.( 0.0) 9998.( 0.0) 15.( 4.8) 9999.( 0.0)
14.0818 0.8990 99.99 -22.26 99.99 1.105( 0.065) 1.581( 0.191) 1.373( 0.084) 99.000( 0.000) 99.000( 0.000) 159.( 18.7) 37.( 4.7) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
14.0824 0.5155 99.99 -19.36 99.99 1.043( 0.101) 1.287( 0.188) 1.965( 0.140) 0.679( 0.072) 0.152( 0.085) 58.( 7.2) 96.( 19.0) 0.( 8.3) 0.( 10.1) 5.( 3.6) 9999.( 0.0)
4
TABLE 1—Continued
CFRS z KAB MB M1µ D3235(1σ) D3538(1σ) D4000(1σ) D4151(1σ) Mg2(1σ) OII(1σ) W(OII)(1σ) OIII(1σ) W(OIII)(1σ) W(Hβ)(1σ) W(Hα)(1σ)
14.0848 0.6622 25.71 -20.28 99.99 1.056( 0.078) 1.431( 0.190) 1.550( 0.102) 0.069( 0.079) 99.000( 0.000) 65.( 10.6) 62.( 14.9) 284.( 17.0) 90.( 7.0) 11.( 11.0) 9999.( 0.0)
14.0899 0.8750 99.99 -21.57 99.99 1.417( 0.085) 1.069( 0.131) 1.047( 0.064) 99.000( 0.000) 99.000( 0.000) 78.( 20.4) 17.( 4.5) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
14.0909 0.9779 99.99 -21.28 99.99 1.148( 0.078) 2.218( 0.289) 1.538( 0.100) 99.000( 0.000) 99.000( 0.000) 141.( 15.8) 71.( 9.9) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
14.0912 0.5461 99.99 -20.82 99.99 99.000( 0.000) 1.415( 0.174) 1.616( 0.100) 0.657( 0.066) 0.112( 0.071) 53.( 12.8) 18.( 4.5) 71.( 18.4) 6.( 1.8) 0.( 9.4) 9999.( 0.0)
14.0916 0.3248 20.29 -19.87 -20.88 99.000( 0.000) 1.665( 0.221) 1.287( 0.085) 0.355( 0.070) 0.091( 0.069) 89.( 12.5) 24.( 4.2) 79.( 20.5) 9.( 2.4) -6.( 2.0) 9999.( 0.0)
14.0962 0.7534 19.38 -21.83 -23.30 1.298( 0.088) 1.485( 0.182) 1.818( 0.111) 99.000( 0.000) 99.000( 0.000) 47.( 47.0) 13.( 12.6) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
14.0966 0.4426 99.99 -19.90 99.99 99.000( 0.000) 1.341( 0.177) 1.071( 0.069) 0.280( 0.072) -0.368( 0.113) 61.( 8.4) 36.( 6.7) 30.( 30.2) 12.( 11.9) -17.( 17.1) 9999.( 0.0)
14.0972 0.6743 20.14 -21.50 -22.30 0.986( 0.059) 1.486( 0.174) 1.267( 0.074) -0.016( 0.067) 99.000( 0.000) 664.( 8.6) 111.( 2.0) 829.( 32.2) 87.( 5.8) 48.( 7.2) 9999.( 0.0)
14.0985 0.8073 21.12 -20.53 -21.72 1.223( 0.085) 1.705( 0.216) 1.064( 0.067) 99.000( 0.000) 99.000( 0.000) 50.( 7.2) 49.( 8.3) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
14.0987 0.6117 99.99 -20.48 99.99 1.121( 0.072) 1.646( 0.201) 1.806( 0.111) 0.542( 0.066) 99.000( 0.000) 30.( 6.9) 18.( 4.3) 0.( 58.0) 0.( 8.5) 0.( 8.5) 9999.( 0.0)
14.1012 0.4788 20.38 -20.41 -21.29 1.207( 0.086) 1.763( 0.230) 1.429( 0.093) 0.126( 0.068) 0.075( 0.075) 65.( 5.2) 29.( 3.3) 48.( 20.8) 9.( 4.1) 14.( 1.5) 9999.( 0.0)
14.1032 0.6700 99.99 -20.04 99.99 1.517( 0.104) 1.408( 0.180) 1.790( 0.114) 0.479( 0.073) 99.000( 0.000) 9.( 8.9) 10.( 10.0) 0.( 13.0) 0.( 4.0) 2.( 2.3) 9999.( 0.0)
14.1034 0.8123 99.99 -21.19 99.99 0.977( 0.065) 1.486( 0.183) 1.465( 0.090) 99.000( 0.000) 99.000( 0.000) 222.( 17.2) 107.( 18.7) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
14.1037 0.5489 20.32 -20.63 -21.58 1.406( 0.090) 1.541( 0.195) 1.649( 0.105) -0.003( 0.065) 0.140( 0.086) 75.( 8.1) 24.( 3.9) 9998.( 0.0) 9998.( 0.0) 9998.( 0.0) 9999.( 0.0)
14.1039 0.0793 99.99 -18.64 99.99 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 0.159( 0.076) 0.038( 0.103) 9999.( 0.0) 9999.( 0.0) 2128.( 32.6) 41.( 0.7) 10.( 0.6) 98.( 1.0)
14.1042 0.7217 19.66 -21.11 -22.89 1.266( 0.078) 1.181( 0.151) 1.932( 0.123) 0.790( 0.065) 99.000( 0.000) 25.( 3.2) 13.( 1.7) 97.( 42.1) 14.( 6.9) 9998.( 0.0) 9999.( 0.0)
14.1043 0.6410 18.32 -22.23 -23.96 1.095( 0.067) 1.727( 0.204) 1.837( 0.108) 0.570( 0.062) 99.000( 0.000) 0.( 35.4) 0.( 4.2) 0.( 28.7) 0.( 3.7) 0.( 3.7) 9999.( 0.0)
14.1064 0.3353 99.99 -20.29 99.99 99.000( 0.000) 2.669( 0.350) 1.302( 0.085) 0.279( 0.068) 0.017( 0.088) 105.( 70.2) 19.( 14.4) 310.( 104.9) 23.( 9.2) 8.( 3.8) 9999.( 0.0)
14.1071 0.3595 21.99 -18.61 -19.76 99.000( 0.000) 1.709( 0.246) 1.424( 0.098) 0.422( 0.078) 0.015( 0.063) 71.( 16.4) 57.( 16.2) 121.( 13.4) 40.( 6.5) 0.( 7.1) 9999.( 0.0)
14.1079 0.9011 21.77 -21.35 -22.02 1.235( 0.075) 1.552( 0.190) 1.201( 0.074) 99.000( 0.000) 99.000( 0.000) 68.( 10.4) 38.( 6.2) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
14.1080 0.0664 99.99 -17.17 99.99 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) -0.039( 0.096) 9999.( 0.0) 9999.( 0.0) 120.( 30.0) 14.( 4.1) 0.( 0.0) 30.( 1.3)
14.1082 0.2620 99.99 -19.58 99.99 99.000( 0.000) 99.000( 0.000) 2.524( 0.181) 0.743( 0.071) 0.268( 0.084) 0.( 18.5) 0.( 28.0) 0.( 10.5) 0.( 5.3) 0.( 3.4) 27.( 9.9)
14.1103 0.2092 99.99 -17.69 99.99 99.000( 0.000) 99.000( 0.000) 0.824( 0.080) 0.264( 0.107) 1.021( 0.253) 0.( 28.0) 0.( 20.0) 3874.( 86.2) 1237.( 132.4) 192.( 22.1) 1838.( 446.8)
14.1118 0.9835 21.16 -21.08 -22.15 1.014( 0.056) 1.323( 0.162) 1.717( 0.105) 99.000( 0.000) 99.000( 0.000) 222.( 11.7) 76.( 4.7) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
14.1122 0.6565 21.19 -20.58 -21.40 1.088( 0.076) 1.400( 0.176) 1.552( 0.097) -0.525( 0.078) 99.000( 0.000) 53.( 9.0) 32.( 6.0) 0.( 20.0) 0.( 8.0) 33.( 7.0) 9999.( 0.0)
14.1136 0.6404 22.24 -20.97 -21.65 0.805( 0.048) 1.513( 0.183) 1.185( 0.072) 0.134( 0.064) 99.000( 0.000) 130.( 8.1) 73.( 7.9) 123.( 18.9) 41.( 9.3) 15.( 2.8) 9999.( 0.0)
14.1139 0.6600 18.48 -22.27 -23.88 1.113( 0.070) 1.623( 0.205) 1.505( 0.096) 99.000( 0.000) 99.000( 0.000) 73.( 10.0) 16.( 2.3) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
14.1146 0.7437 99.99 -21.06 99.99 1.056( 0.064) 1.523( 0.180) 1.253( 0.074) 99.000( 0.000) 99.000( 0.000) 120.( 10.7) 53.( 6.8) 9999.( 0.0) 9999.( 0.0) 6.( 5.6) 9999.( 0.0)
14.1177 0.7240 99.99 -21.87 99.99 1.111( 0.070) 1.967( 0.234) 1.449( 0.087) 99.000( 0.000) 99.000( 0.000) 193.( 35.9) 48.( 12.0) 9999.( 0.0) 9999.( 0.0) -8.( 3.7) 9999.( 0.0)
14.1179 0.4345 99.99 -19.82 99.99 1.402( 0.126) 1.443( 0.195) 1.967( 0.128) 0.867( 0.070) 0.118( 0.075) 0.( 5.6) 0.( 20.5) 41.( 41.1) 7.( 6.9) 0.( 3.1) 9999.( 0.0)
14.1189 0.7526 20.94 -20.73 -21.72 1.028( 0.066) 1.551( 0.203) 1.130( 0.074) 99.000( 0.000) 99.000( 0.000) 96.( 17.3) 43.( 11.2) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
14.1190 0.7544 99.99 -21.79 99.99 1.133( 0.067) 1.776( 0.207) 1.400( 0.082) 99.000( 0.000) 99.000( 0.000) 55.( 15.7) 9.( 3.2) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
14.1193 0.0781 99.99 -16.66 99.99 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 0.061( 0.107) 9999.( 0.0) 9999.( 0.0) 174.( 12.7) 47.( 3.5) 13.( 2.4) 85.( 19.3)
14.1200 0.2352 21.49 -18.16 -19.28 99.000( 0.000) 2.159( 0.381) 1.129( 0.094) 0.509( 0.079) 0.013( 0.086) 0.( 25.9) 0.( 51.7) 26.( 26.0) 9.( 9.1) 0.( 4.3) 53.( 5.0)
14.1209 0.2342 20.23 -19.37 -20.34 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 0.488( 0.075) 0.208( 0.090) 9999.( 0.0) 9999.( 0.0) 81.( 20.6) 19.( 7.0) 0.( 9.6) 86.( 26.2)
14.1239 0.3616 99.99 -19.61 99.99 99.000( 0.000) 99.000( 0.000) 1.055( 0.070) 0.383( 0.075) -0.227( 0.080) 100.( 5.2) 47.( 2.7) 135.( 18.1) 42.( 8.4) 14.( 4.3) 9999.( 0.0)
14.1241 0.9449 99.99 -20.92 99.99 1.184( 0.075) 1.258( 0.161) 1.700( 0.110) 99.000( 0.000) 99.000( 0.000) 95.( 12.4) 62.( 10.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
14.1242 0.2902 20.65 -18.98 -19.95 99.000( 0.000) 1.269( 0.187) 1.658( 0.122) 0.328( 0.073) -0.033( 0.084) 34.( 33.6) 33.( 32.6) 12.( 12.4) 10.( 10.1) 0.( 11.2) 9999.( 0.0)
14.1258 0.6449 21.27 -20.22 -21.07 1.011( 0.070) 1.231( 0.159) 1.513( 0.097) 0.420( 0.067) 99.000( 0.000) 86.( 13.4) 62.( 15.4) 125.( 42.4) 44.( 22.1) 31.( 10.1) 9999.( 0.0)
14.1273 0.2567 99.99 -18.55 99.99 99.000( 0.000) 99.000( 0.000) 0.844( 0.061) 0.049( 0.072) 0.099( 0.082) 232.( 132.7) 57.( 40.9) 256.( 34.0) 58.( 13.5) 23.( 9.9) 100.( 34.3)
14.1275 0.7625 19.67 -21.25 -23.02 1.212( 0.092) 1.867( 0.253) 1.264( 0.085) 99.000( 0.000) 99.000( 0.000) 38.( 5.0) 18.( 2.5) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
14.1302 0.5479 99.99 -21.33 99.99 1.182( 0.072) 1.383( 0.170) 1.465( 0.090) 0.047( 0.065) 0.195( 0.073) 120.( 17.5) 26.( 4.7) 9998.( 0.0) 9998.( 0.0) 5.( 4.8) 9999.( 0.0)
14.1311 0.8065 99.99 -22.92 99.99 1.561( 0.092) 1.302( 0.154) 1.864( 0.110) 99.000( 0.000) 99.000( 0.000) 0.( 20.0) 0.( 2.3) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
14.1321 0.1058 99.99 -17.36 99.99 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 0.009( 0.109) 9999.( 0.0) 9999.( 0.0) 60.( 7.5) 12.( 1.5) 6.( 6.0) 51.( 2.3)
14.1329 0.3750 99.99 -21.41 99.99 99.000( 0.000) 99.000( 0.000) 1.313( 0.083) 0.697( 0.070) 0.151( 0.070) 115.( 5.3) 18.( 0.9) 9998.( 0.0) 9998.( 0.0) 4.( 1.6) 9999.( 0.0)
14.1338 0.2696 17.72 -20.86 -22.62 99.000( 0.000) 2.066( 0.277) 1.827( 0.122) 0.843( 0.071) 0.193( 0.066) 63.( 62.8) 8.( 7.7) 0.( 138.0) 0.( 3.4) 4.( 1.7) 9.( 2.4)
14.1346 0.5478 99.99 -21.20 99.99 1.334( 0.084) 1.130( 0.144) 1.185( 0.075) 0.586( 0.068) 0.085( 0.057) 488.( 18.8) 87.( 5.4) 402.( 25.1) 30.( 2.0) 15.( 1.7) 9999.( 0.0)
14.1348 0.6130 99.99 -21.78 99.99 1.464( 0.097) 1.196( 0.146) 2.394( 0.146) 0.492( 0.064) 99.000( 0.000) 0.( 67.0) 0.( 14.0) 9999.( 0.0) 9999.( 0.0) 0.( 5.0) 9999.( 0.0)
14.1351 0.2357 19.31 -19.05 -20.76 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 0.355( 0.074) 0.153( 0.081) 9999.( 0.0) 0.( 0.0) 0.( 18.2) 0.( 5.2) 0.( 5.2) 32.( 3.5)
14.1355 0.4801 20.60 -20.35 -21.25 99.000( 0.000) 1.547( 0.198) 1.379( 0.088) 0.280( 0.068) 0.140( 0.075) 99.( 21.7) 51.( 15.5) 81.( 14.7) 13.( 1.4) 5.( 4.8) 9999.( 0.0)
14.1376 0.2881 99.99 -19.25 99.99 99.000( 0.000) 2.648( 0.376) 1.341( 0.093) 0.155( 0.073) -0.107( 0.081) 305.( 21.0) 117.( 12.2) 140.( 70.3) 19.( 9.4) 10.( 9.9) 166.( 25.5)
14.1386 0.7413 19.80 -21.54 -22.83 1.229( 0.073) 1.717( 0.201) 1.215( 0.071) 99.000( 0.000) 99.000( 0.000) 138.( 17.7) 33.( 5.0) 9999.( 0.0) 9999.( 0.0) 9998.( 0.0) 9999.( 0.0)
14.1392 0.5660 99.99 -20.72 99.99 1.610( 0.118) 1.506( 0.187) 1.827( 0.111) 0.835( 0.068) -0.015( 0.076) 14.( 13.5) 7.( 7.2) 28.( 27.8) 3.( 3.2) 0.( 7.4) 9999.( 0.0)
14.1395 0.5301 99.99 -20.22 99.99 1.306( 0.089) 1.615( 0.207) 1.344( 0.086) 0.125( 0.069) 0.109( 0.063) 137.( 17.5) 63.( 13.0) 170.( 40.3) 42.( 13.6) 24.( 4.7) 9999.( 0.0)
14.1432 0.1709 20.01 -19.14 -20.15 99.000( 0.000) 99.000( 0.000) 1.173( 0.083) 0.293( 0.073) 0.050( 0.084) 223.( 10.7) 30.( 1.6) 152.( 7.0) 12.( 0.6) 3.( 0.9) 50.( 3.1)
14.1436 0.2881 99.99 -19.70 99.99 99.000( 0.000) 99.000( 0.000) 1.392( 0.095) 0.186( 0.076) 0.048( 0.079) 75.( 5.3) 23.( 1.7) 82.( 34.8) 13.( 7.1) 0.( 5.9) 31.( 7.6)
14.1444 0.7422 19.80 -20.47 -22.46 0.792( 0.076) 2.891( 0.401) 1.427( 0.095) 99.000( 0.000) 99.000( 0.000) 12.( 12.0) 30.( 30.0) 9999.( 0.0) 9999.( 0.0) 0.( 10.0) 9999.( 0.0)
14.1446 0.3481 99.99 -21.04 99.99 99.000( 0.000) 2.022( 0.259) 1.286( 0.083) 0.375( 0.071) 0.030( 0.085) 226.( 16.0) 24.( 1.8) 328.( 38.0) 15.( 2.0) 8.( 2.1) 9999.( 0.0)
14.1464 0.4620 99.99 -20.12 99.99 1.215( 0.094) 1.545( 0.200) 1.749( 0.113) 0.918( 0.070) 0.065( 0.078) 15.( 15.4) 11.( 11.1) 9998.( 0.0) 9998.( 0.0) 0.( 2.0) 9999.( 0.0)
14.1466 0.6742 23.48 -20.25 -20.98 1.033( 0.068) 1.553( 0.192) 1.346( 0.083) 99.000( 0.000) 99.000( 0.000) 183.( 10.1) 96.( 6.9) 9998.( 0.0) 9998.( 0.0) 11.( 4.9) 9999.( 0.0)
14.1496 0.8990 99.99 -21.48 99.99 1.291( 0.078) 1.614( 0.194) 1.194( 0.072) 99.000( 0.000) 99.000( 0.000) 148.( 18.9) 54.( 11.5) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
14.1503 0.3600 99.99 -19.09 99.99 99.000( 0.000) 3.157( 0.455) 2.567( 0.184) 0.301( 0.072) 0.081( 0.092) 9999.( 0.0) 9999.( 0.0) 90.( 16.4) 40.( 11.8) -7.( 2.5) 9999.( 0.0)
14.1510 0.9939 99.99 -21.68 99.99 1.091( 0.065) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 108.( 18.8) 32.( 5.8) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
14.9025 0.1550 99.99 -20.34 99.99 99.000( 0.000) 99.000( 0.000) 1.537( 0.106) 0.374( 0.072) 0.134( 0.088) 9999.( 0.0) 9999.( 0.0) 0.( 31.8) 0.( 3.6) -4.( 0.5) 22.( 2.1)
14.9705 0.6045 99.99 -21.19 99.99 1.327( 0.088) 1.383( 0.175) 1.457( 0.092) 0.112( 0.068) 99.000( 0.000) 60.( 8.2) 39.( 6.6) 52.( 5.2) 17.( 1.8) 6.( 1.6) 9999.( 0.0)
22.0242 0.8631 20.79 -20.67 -22.21 1.035( 0.069) 1.829( 0.230) 1.233( 0.077) 99.000( 0.000) 99.000( 0.000) 60.( 7.1) 51.( 6.7) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
22.0274 0.5057 19.47 -21.59 -22.39 1.182( 0.072) 1.317( 0.163) 1.046( 0.065) 0.173( 0.069) 0.097( 0.074) 617.( 21.2) 41.( 1.6) 1633.( 382.3) 80.( 27.7) 18.( 3.1) 9999.( 0.0)
22.0293 0.5420 20.76 -20.20 -21.13 1.476( 0.111) 1.335( 0.173) 1.201( 0.075) 0.555( 0.072) 0.074( 0.082) 300.( 16.3) 53.( 4.1) 1154.( 301.6) 91.( 35.6) 23.( 2.9) 9999.( 0.0)
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TABLE 1—Continued
CFRS z KAB MB M1µ D3235(1σ) D3538(1σ) D4000(1σ) D4151(1σ) Mg2(1σ) OII(1σ) W(OII)(1σ) OIII(1σ) W(OIII)(1σ) W(Hβ)(1σ) W(Hα)(1σ)
22.0321 0.4230 20.10 -20.65 -21.58 99.000( 0.000) 1.232( 0.157) 1.332( 0.085) 0.414( 0.067) 0.097( 0.080) 91.( 27.7) 20.( 6.9) 140.( 21.7) 13.( 3.8) 2.( 2.5) 9999.( 0.0)
22.0322 0.9160 20.65 -21.51 -22.50 1.220( 0.071) 1.313( 0.162) 1.172( 0.073) 99.000( 0.000) 99.000( 0.000) 257.( 27.0) 91.( 17.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
22.0344 0.5195 21.62 -20.31 -21.58 1.090( 0.073) 1.361( 0.211) 1.517( 0.118) 0.157( 0.077) 0.432( 0.102) 195.( 33.4) 143.( 64.5) 149.( 16.8) 31.( 3.9) 16.( 16.4) 9999.( 0.0)
22.0364 0.4296 19.80 -20.44 -21.54 2.310( 0.176) 1.935( 0.248) 1.395( 0.090) 0.384( 0.068) 0.022( 0.084) 113.( 7.2) 41.( 3.9) 70.( 29.3) 8.( 4.0) 2.( 0.7) 9999.( 0.0)
22.0380 0.5581 19.25 -20.37 -22.33 1.352( 0.097) 2.060( 0.271) 1.769( 0.116) 0.573( 0.072) 0.095( 0.074) 25.( 7.6) 21.( 8.2) 23.( 22.9) 5.( 4.7) -10.( 4.3) 9999.( 0.0)
22.0383 0.2175 99.99 -17.86 99.99 99.000( 0.000) 1.284( 0.177) 1.126( 0.076) 0.406( 0.074) 0.015( 0.089) 9999.( 0.0) 9999.( 0.0) 66.( 4.1) 21.( 1.4) 0.( 1.4) 35.( 0.9)
22.0398 1.0731 20.57 -21.94 -22.98 1.383( 0.076) 1.429( 0.196) 1.470( 0.101) 99.000( 0.000) 99.000( 0.000) 69.( 6.6) 15.( 1.5) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
22.0417 0.5943 20.99 -20.23 -21.10 1.354( 0.085) 1.350( 0.167) 1.363( 0.085) 0.004( 0.069) 99.000( 0.000) 512.( 71.9) 31.( 4.8) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
22.0429 0.6267 20.42 -20.29 -21.83 1.144( 0.078) 1.375( 0.178) 1.495( 0.096) 0.743( 0.072) 0.094( 0.078) 70.( 9.0) 32.( 7.0) 101.( 13.8) 15.( 2.1) 0.( 7.6) 9999.( 0.0)
22.0434 0.0939 18.69 -18.92 -19.75 99.000( 0.000) 99.000( 0.000) 1.229( 0.095) 0.219( 0.077) 0.081( 0.097) 9999.( 0.0) 9999.( 0.0) 169.( 98.7) 11.( 6.9) 0.( 6.3) 30.( 1.1)
22.0474 0.2812 21.12 -18.66 -19.85 99.000( 0.000) 99.000( 0.000) 1.091( 0.074) 0.390( 0.078) 0.058( 0.095) 127.( 8.8) 61.( 6.3) 526.( 28.6) 58.( 2.2) 42.( 2.1) 370.( 40.6)
22.0501 0.4243 18.65 -20.91 -22.69 1.785( 0.134) 1.826( 0.239) 2.372( 0.155) 0.901( 0.069) 0.173( 0.083) 0.( 5.8) 0.( 13.1) 0.( 46.0) 0.( 3.6) 0.( 1.8) 9999.( 0.0)
22.0504 0.5379 20.12 -21.11 -21.97 0.922( 0.060) 1.330( 0.177) 1.188( 0.079) 0.110( 0.066) -0.163( 0.079) 253.( 19.4) 51.( 4.6) 162.( 25.3) 21.( 3.8) 6.( 5.5) 9999.( 0.0)
22.0576 0.8905 99.99 -20.97 99.99 1.250( 0.079) 1.605( 0.205) 1.462( 0.093) 99.000( 0.000) 99.000( 0.000) 317.( 30.9) 119.( 46.5) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
22.0579 1.1003 20.57 -22.14 -23.05 1.049( 0.066) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 601.( 37.9) 159.( 17.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
22.0583 0.4312 19.98 -19.48 -21.25 99.000( 0.000) 2.249( 0.332) 1.627( 0.117) 0.276( 0.071) -0.011( 0.087) 78.( 34.4) 52.( 30.1) 73.( 8.4) 18.( 2.1) 0.( 6.2) 9999.( 0.0)
22.0599 0.8891 99.99 -21.51 99.99 1.074( 0.063) 1.573( 0.198) 1.522( 0.096) 99.000( 0.000) 99.000( 0.000) 346.( 27.0) 122.( 20.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
22.0609 0.4750 18.20 -21.01 -22.95 1.487( 0.106) 1.769( 0.225) 1.677( 0.107) 0.733( 0.067) 0.158( 0.076) 0.( 13.5) 0.( 16.8) 0.( 29.5) 0.( 2.4) -7.( 2.8) 9999.( 0.0)
22.0637 0.5448 20.14 -21.26 -22.25 1.304( 0.089) 1.864( 0.238) 1.520( 0.097) 0.138( 0.071) -0.296( 0.080) 175.( 22.1) 61.( 13.0) 186.( 41.8) 24.( 5.4) 17.( 17.0) 9999.( 0.0)
22.0642 0.4650 18.30 -21.51 -23.21 1.377( 0.088) 1.316( 0.163) 1.713( 0.106) 0.591( 0.064) 0.062( 0.076) 52.( 12.5) 8.( 2.1) 70.( 48.8) 3.( 2.4) -1.( 0.5) 9999.( 0.0)
22.0671 0.3187 20.15 -20.15 -21.22 99.000( 0.000) 2.346( 0.307) 1.246( 0.078) 0.345( 0.071) 0.189( 0.078) 229.( 25.8) 40.( 7.2) 301.( 61.5) 27.( 6.4) 10.( 3.8) 47.( 14.2)
22.0676 0.1409 99.99 -18.31 99.99 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 0.156( 0.077) 0.085( 0.091) 9999.( 0.0) 9999.( 0.0) 242.( 7.2) 52.( 2.0) 15.( 1.3) 62.( 1.7)
22.0693 0.5590 99.99 -20.43 99.99 0.827( 0.063) 1.345( 0.177) 1.503( 0.098) 0.803( 0.074) 0.051( 0.078) 24.( 1.8) 13.( 1.1) 9998.( 0.0) 9998.( 0.0) 9998.( 0.0) 9999.( 0.0)
22.0717 0.2794 17.92 -20.24 -22.17 99.000( 0.000) 99.000( 0.000) 1.621( 0.107) 0.666( 0.072) 0.097( 0.083) 0.( 34.7) 0.( 5.9) 0.( 23.8) 0.( 4.2) -4.( 1.3) 16.( 6.2)
22.0758 0.2945 99.99 -20.87 99.99 99.000( 0.000) 99.000( 0.000) 1.917( 0.126) 0.837( 0.070) 0.186( 0.078) 0.( 39.5) 0.( 6.1) 0.( 49.0) 0.( 4.9) -6.( 0.7) 9999.( 0.0)
22.0764 0.8194 21.18 -20.81 -21.76 1.189( 0.080) 1.763( 0.226) 1.317( 0.084) 99.000( 0.000) 99.000( 0.000) 84.( 9.8) 35.( 5.4) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
22.0770 0.8188 22.07 -21.21 -22.02 1.174( 0.088) 1.770( 0.229) 1.388( 0.088) 99.000( 0.000) 99.000( 0.000) 164.( 13.2) 71.( 9.7) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
22.0774 0.3280 20.17 -18.94 -20.54 99.000( 0.000) 2.314( 0.317) 1.447( 0.097) 0.323( 0.070) 0.165( 0.078) 25.( 4.8) 13.( 2.5) 43.( 5.5) 8.( 1.2) 0.( 0.9) 9999.( 0.0)
22.0779 0.9252 20.50 -21.50 -22.66 1.368( 0.082) 1.138( 0.140) 1.550( 0.095) 99.000( 0.000) 99.000( 0.000) 77.( 13.0) 24.( 4.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
22.0814 0.3317 19.01 -19.91 -21.74 1.146( 0.108) 1.580( 0.207) 1.917( 0.123) 0.908( 0.068) 0.199( 0.073) 0.( 19.5) 0.( 7.8) 60.( 21.8) 5.( 1.7) -4.( 0.3) 9999.( 0.0)
22.0823 0.3315 17.17 -21.46 -23.40 99.000( 0.000) 99.000( 0.000) 1.884( 0.125) 1.034( 0.069) 0.296( 0.071) 0.( 22.8) 0.( 17.9) 0.( 54.7) 0.( 2.6) -5.( 0.8) 9999.( 0.0)
22.0828 0.4070 20.35 -19.41 -20.89 2.002( 0.142) 1.582( 0.206) 1.515( 0.098) 0.313( 0.068) 0.097( 0.084) 69.( 5.6) 40.( 3.6) 87.( 7.9) 18.( 2.0) 5.( 2.4) 9999.( 0.0)
22.0832 0.2326 18.99 -19.45 -21.02 99.000( 0.000) 99.000( 0.000) 1.368( 0.094) 0.711( 0.072) 0.103( 0.060) 9999.( 0.0) 9999.( 0.0) 0.( 45.0) 0.( 12.0) 0.( 12.0) 59.( 3.9)
22.0843 0.9150 20.04 -21.22 -23.08 1.616( 0.118) 1.600( 0.243) 0.749( 0.056) 99.000( 0.000) 99.000( 0.000) 87.( 20.0) 49.( 12.5) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
22.0855 0.2100 99.99 -18.97 99.99 99.000( 0.000) 99.000( 0.000) 0.891( 0.069) -0.226( 0.077) 0.244( 0.082) 9999.( 0.0) 9999.( 0.0) 22.( 6.0) 9.( 1.6) -6.( 3.9) 45.( 8.2)
22.0903 0.2969 99.99 -18.54 99.99 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 0.328( 0.084) 0.112( 0.078) 9999.( 0.0) 9999.( 0.0) 34.( 6.6) 13.( 2.6) 9999.( 0.0) 90.( 37.1)
22.0938 0.2510 17.20 -21.11 -22.99 99.000( 0.000) 1.477( 0.198) 2.034( 0.133) 0.909( 0.072) 0.175( 0.077) 0.( 28.5) 0.( 6.5) 0.( 58.3) 0.( 3.2) -6.( 1.5) 0.( 3.1)
22.0944 0.2490 16.42 -21.61 -23.69 99.000( 0.000) 1.551( 0.224) 3.014( 0.212) 1.052( 0.073) 0.239( 0.078) 0.( 63.2) 0.( 71.0) 0.( 60.0) 0.( 9.0) 0.( 7.2) 0.( 1.4)
22.0945 0.6758 99.99 -20.66 99.99 0.878( 0.062) 1.025( 0.139) 1.704( 0.116) 99.000( 0.000) 99.000( 0.000) 24.( 3.8) 28.( 5.4) 9999.( 0.0) 9999.( 0.0) 15.( 3.0) 9999.( 0.0)
22.0946 0.2500 18.04 -20.33 -22.12 99.000( 0.000) 0.951( 0.126) 1.729( 0.114) 0.784( 0.070) 0.233( 0.079) 0.( 192.0) 0.( 26.0) 0.( 62.5) 0.( 2.5) -2.( 0.4) 0.( 1.3)
22.0953 0.9769 20.96 -21.22 -22.34 1.048( 0.075) 1.611( 0.233) 1.557( 0.111) 99.000( 0.000) 99.000( 0.000) 136.( 18.6) 67.( 11.8) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
22.0975 0.4211 18.53 -21.00 -22.67 0.643( 0.049) 1.317( 0.178) 1.416( 0.096) 0.637( 0.071) -0.076( 0.069) 31.( 30.7) 16.( 15.5) 179.( 19.6) 27.( 3.8) 20.( 4.8) 9999.( 0.0)
22.0983 0.9997 20.86 -21.34 -22.50 0.875( 0.063) 1.796( 0.291) 0.944( 0.076) 99.000( 0.000) 99.000( 0.000) 143.( 18.3) 102.( 15.8) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
22.1013 0.2306 19.22 -19.71 -20.85 99.900( 0.000) 1.000( 0.000) 99.900( 0.000) 99.900( 0.000) 99.900( 0.000) 10000.( 0.0) 10000.( 0.0) 10000.( 0.0) 10000.( 0.0) 10000.( 0.0) 10000.( 0.0)
22.1064 0.5383 20.24 -20.06 -21.59 1.089( 0.087) 1.540( 0.228) 1.175( 0.087) 0.424( 0.079) -0.351( 0.098) 183.( 19.5) 92.( 28.1) 405.( 97.7) 103.( 48.6) 22.( 4.9) 9999.( 0.0)
22.1084 0.2940 19.22 -20.23 -21.25 1.125( 0.080) 1.166( 0.156) 1.271( 0.085) 0.396( 0.071) 0.168( 0.074) 36.( 3.2) 14.( 1.3) 38.( 16.9) 7.( 3.1) 0.( 1.3) 9999.( 0.0)
22.1097 0.5150 19.00 -21.08 -22.79 1.402( 0.091) 1.334( 0.169) 1.761( 0.112) 0.411( 0.066) 0.174( 0.079) 84.( 11.2) 26.( 3.8) 9998.( 0.0) 9998.( 0.0) -6.( 5.6) 9999.( 0.0)
22.1119 0.5138 99.99 -21.81 99.99 1.094( 0.066) 1.562( 0.190) 1.296( 0.079) 0.062( 0.068) 0.097( 0.079) 241.( 14.4) 22.( 1.3) 9998.( 0.0) 9998.( 0.0) 3.( 1.2) 9999.( 0.0)
22.1121 0.6758 20.49 -20.18 -21.90 1.568( 0.117) 1.511( 0.196) 1.470( 0.095) 0.448( 0.077) -0.467( 0.091) 56.( 8.9) 39.( 6.9) 191.( 26.9) 48.( 10.0) 0.( 14.3) 9999.( 0.0)
22.1144 0.3592 21.10 -19.41 -20.44 1.628( 0.133) 1.283( 0.175) 1.495( 0.101) 0.255( 0.069) 0.141( 0.072) 63.( 24.2) 35.( 11.3) 91.( 22.2) 23.( 6.3) 9.( 4.6) 9999.( 0.0)
22.1153 1.3118 21.95 -21.98 -22.20 1.097( 0.066) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 99.000( 0.000) 299.( 37.1) 126.( 24.1) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
22.1175 0.3619 20.28 -20.10 -21.16 1.693( 0.149) 1.992( 0.263) 1.507( 0.098) 0.465( 0.070) 0.093( 0.075) 102.( 6.8) 36.( 2.7) 48.( 6.1) 6.( 0.7) 2.( 0.6) 9999.( 0.0)
22.1220 0.3600 19.71 -20.29 -21.27 2.098( 0.197) 1.912( 0.260) 1.592( 0.106) 0.566( 0.068) 0.099( 0.074) 86.( 7.4) 34.( 3.2) 65.( 10.4) 8.( 1.2) 0.( 2.5) 9999.( 0.0)
22.1228 0.4150 19.78 -19.90 -21.50 1.414( 0.099) 1.134( 0.152) 1.813( 0.122) 0.827( 0.069) 0.170( 0.066) 0.( 6.6) 0.( 2.9) 0.( 17.1) 0.( 2.7) 0.( 5.0) 9999.( 0.0)
22.1231 0.2854 19.24 -19.70 -21.20 99.000( 0.000) 2.180( 0.292) 1.300( 0.086) 0.372( 0.072) 0.003( 0.076) 91.( 13.1) 34.( 6.5) 52.( 15.7) 7.( 2.0) 7.( 1.5) 9999.( 0.0)
22.1279 0.5940 19.42 -20.83 -22.68 1.364( 0.107) 1.409( 0.183) 2.319( 0.150) 0.620( 0.068) 0.345( 0.092) 0.( 34.9) 0.( 32.1) 0.( 67.0) 0.( 12.0) 9998.( 0.0) 9999.( 0.0)
22.1309 0.2862 20.83 -19.06 -20.05 99.000( 0.000) 2.176( 0.326) 1.356( 0.093) 0.413( 0.073) 0.045( 0.081) 76.( 14.7) 52.( 14.3) 97.( 45.0) 23.( 12.8) 0.( 3.2) 49.( 13.2)
22.1313 0.8191 20.42 -21.33 -22.44 1.220( 0.084) 1.928( 0.281) 1.179( 0.084) 99.000( 0.000) 99.000( 0.000) 237.( 30.0) 73.( 9.5) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
22.1339 0.3850 21.60 -19.48 -20.37 0.649( 0.058) 1.092( 0.164) 1.095( 0.082) 0.305( 0.084) 0.393( 0.096) 141.( 5.3) 63.( 3.5) 600.( 95.0) 176.( 87.2) 30.( 7.8) 9999.( 0.0)
22.1350 0.5111 21.50 -19.86 -20.70 1.127( 0.067) 1.250( 0.181) 1.340( 0.098) 0.152( 0.073) -0.154( 0.103) 107.( 27.8) 43.( 14.5) 119.( 118.7) 28.( 27.9) 12.( 12.4) 9999.( 0.0)
22.1362 0.3504 21.02 -19.01 -19.80 99.000( 0.000) 1.832( 0.293) 1.618( 0.122) 0.319( 0.075) 0.256( 0.090) 46.( 12.2) 46.( 23.1) 30.( 7.0) 13.( 3.1) 0.( 1.9) 9999.( 0.0)
22.1406 0.8182 20.95 -20.87 -21.91 1.229( 0.074) 1.294( 0.156) 1.386( 0.084) 99.000( 0.000) 99.000( 0.000) 265.( 15.0) 100.( 7.4) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
22.1409 0.2221 18.67 -19.33 -21.26 99.000( 0.000) 2.247( 0.350) 2.101( 0.151) 0.903( 0.073) 0.254( 0.073) 0.( 27.2) 0.( 2.1) 0.( 29.1) 0.( 1.3) 0.( 1.3) 0.( 5.6)
22.1412 0.2980 17.25 -21.14 -23.21 99.000( 0.000) 99.000( 0.000) 2.343( 0.161) 1.393( 0.069) 0.193( 0.071) 0.( 32.5) 0.( 50.6) 0.( 134.5) 0.( 2.7) -10.( 0.4) 9999.( 0.0)
22.1417 1.0117 20.32 -21.25 -23.06 1.128( 0.076) 1.296( 0.190) 0.860( 0.063) 99.000( 0.000) 99.000( 0.000) 439.( 47.0) 123.( 68.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
22.1433 0.3000 20.65 -18.77 -20.03 99.000( 0.000) 0.722( 0.115) 1.654( 0.124) 0.725( 0.073) -0.037( 0.076) 0.( 20.6) 0.( 22.9) 0.( 14.9) 0.( 10.5) -20.( 13.4) 9999.( 0.0)
22.1453 0.8164 19.48 -21.53 -23.36 1.531( 0.095) 1.535( 0.180) 1.705( 0.100) 99.000( 0.000) 99.000( 0.000) 0.( 15.0) 0.( 5.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
22.1486 0.9533 21.77 -21.18 -21.70 1.288( 0.089) 1.403( 0.186) 1.238( 0.082) 99.000( 0.000) 99.000( 0.000) 16.( 16.0) 12.( 12.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
22.1507 0.8204 19.35 -21.52 -23.48 1.633( 0.106) 1.373( 0.166) 1.898( 0.114) 99.000( 0.000) 99.000( 0.000) 0.( 10.0) 0.( 4.4) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0) 9999.( 0.0)
22.1528 0.6656 21.54 -20.50 -21.20 0.983( 0.081) 1.337( 0.195) 1.455( 0.106) 0.348( 0.088) -0.616( 0.170) 68.( 4.8) 67.( 6.6) 32.( 32.2) 11.( 10.7) 13.( 7.8) 9999.( 0.0)
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